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SUMMARY 


Certain  design  allowable  properties  were  determined  in  accordance  with 
MIL-HDBK-5  guidelines  for  three  materials:  17-4PH  and  15-5PH  bar  and  Alloy  188 
sheet.  Bearing  yield  and  ultimate  strength  allowables  for  e/D  = 1.5  and  e/D  = 

2.0  were  determined  for  17-4PH  bar  in  the  H1025  and  H1150  conditions.  Longitudinal 
tensile  yield  and  tensile  ultimate,  longitudinal  and  long  transverse  compressive 
yield,  shear  ultimate  and  compressive  modulus  of  elasticity  design  allowable 
properties  as  well  as  curves  depicting  the  effect  of  temperature  on  these  proper- 
ties were  developed  for  Alloy  188  sheet.  Room  temperature  tensile  stress-strain 
as  well  as  room  and  elevated  temperature  compressive  stress-strain  and  tangent 
modulus  curves  were  also  constructed  for  Alloy  188  sheet.  Bearing  yield  and 
ultimate  strength  allowables  for  e/D  = 1.5  and  e/D  =2.0  were  determined  for  15- 
5PH  in  H1150  condition.  Bearing  yield  and  ultimate  strength  allowables  for  15- 
5PH  in  H1025  condition  were  revised.  Curves  depicting  the  effect  of  temperature 
on  compressive  yield  strength  for  15-5PH  in  H1025  and  H1150  conditions  as  well  as 
curves  showing  the  effect  of  temperature  on  tensile  and  compressive  moduli  of 
elasticity  were  established.  Room  and  elevated  temperature  compressive  stress- 
strain  and  tangent  modulus  curves  for  15-5PH  in  H1025  and  H1150  conditions  were 
constructed . 

Fatigue  crack  propagation  data  were  obtained  for  7075-T7351,  7475-T7351, 
and  2124-T851  plate  in  95  percent  or  higher  humidity  environment  at  R = 0.50, 

0.25,  and  0.10.  Fatigue  crack  growth  rate  data  were  generated  in  the  low  stress 
intensity  range  to  complement  the  relatively  high  stress  intensity  data  currently 
in  the  Damage  Tolerant  Design  Handbook  and  make  the  data  more  acceptable  for 
ultimate  inclusion  in  MIL-HDBK-5.  The  data  generated  covered  the  range  of  da/dN  = 
10"®  to  10"^  inches/cycle  with  emphasis  on  10"®  to  10”®  inches/cycle.  Threshold 
cyclic  stress  intensity  levels,  AK^^,  were  determined  for  each  alloy  and  R ratio 
in  95  percent  or  higher  humidity  environment.  An  average  fit  of  the  lower  bound 
of  AK^^  versus  R was  determined. 
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INTRODUCTION 

The  Military  Standardization  Handbook,  MIL-HDBK-5,  is  recognized  as  the 
primary  source  for  design  allowable  data  by  the  Department  of  Defense  (DoD)  and 
other  Government  agencies  responsible  for  aerospace  vehicle  design.  The  Handbook 
contains  design  allowable  data  on  metallic  materials,  fasteners,  joints,  and  other 
structural  elements.  The  maintenance  of  this  document  is  achieved  through  the 
cooperative  efforts  of  the  Air  Force,  Navy,  Army,  Federal  Aviation  Agency  (FAA), 
and  industrial  users  and  suppliers  of  metallic  aerospace  materials.  The  DoD  has 
designated  the  Air  Force  as  the  activity  responsible  for  preparing  this  Handbook. 

As  such,  the  Air  Force  Materials  Laboratory  (AFML)  has  contracted  with  Battelle's 
Columbus  Laboratories  (BCL)  to  provide  the  planning,  coordination,  implementation, 
and  testing  necessary  to  develop  and  maintain  current  design  allowable  data  and 
other  related  information  in  MlL-HDBK-5. 

Recent  final  reports  described  in  detail  the  functional  and  technical 
activities  performed  by  BCL  in  connection  with  the  MIL-HDBK-5  program.  Since  the 
functional  as  well  as  some  of  the  technical  activities  are  somewhat  repetitive 
from  year  to  year,  this  final  report  describes  an  experimental  test  program  to 
develop  certain  missing  MIL-HDBK-5  design  allowable  properties  for  several  materials. 

Most  of  the  design  allowable  properties  in  MIL-HDBK-5  are  determined 
from  existing  data.  However,  frequently  data  are  lacking  or  inadequate  to  establish 
needed  design  properties.  Data  may  be  lacking  for  important  design  properties  even 
though  an  alloy  may  have  been  used  in  the  aerospace  industry  for  many  years.  In 
addition,  new  heat  treatments  and  new  product  forms  may  be  developed  for  an  exist- 
ing alloy,  thereby  creating  a need  for  applicable  design  properties.  Also,  MIL- 
HDBK-5  guidelines  are  continuously  revised  to  provide  for  the  inclusion  of  new 
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types  of  data,  such  as  fracture  toughness  and  fatigue-crack-propagation  data. 

For  these  reasons  testing  is  often  necessary  to  supplement  data  available  from 
the  literature. 

Consequently,  the  Army  Material  and  Mechanics  Research  Center  provided 
funding  via  Air  Force  Contract  Number  F33615-75-C-5063  for  BCL  to  conduct  an 
experimental  test  program  to  (1)  develop  lacking  MIL-HDBK-5  design  data,  and 
(2)  generate  threshold  fatigue-crack-propagation  data  for  certain  aerospace 
materials.  Based  upon  interest  expressed  by  the  MIL-HDBK-5  Coordination  Group, 
availability  of  existing  mechanical  property  data,  and  the  availability  of  test 
material,  three  materials,  17-4PH  bar,  15-5PH  bar,  and  Alloy  188  sheet  were 
selected  for  testing  to  determine  lacking  design  allowable  properties.  Three 
aluminum  alloys,  7075-T7351,  2124-T851,  and  7475-T7351,  in  plate  form,  were 
chosen  for  testing  to  obtain  threshold  fatigue-crack-propagation  data. 


OBJECTIVE 

The  objective  of  this  program  was  to  (1)  develop  certain  missing  MIL- 
HDBK-5  design  allowable  properties  for  17-4PH  stainless  steel  bar,  15-5PH 
stainless  steel  bar,  and  Alloy  188  sheet,  and  (2)  obtain  fatigue  crack  growth 
rate  data  at  low  stress  intensities  for  7075-T7351,  7475-T7351,  and  2124-T851 
aluminum  alloy  plate  at  R = 0.500,  0.250,  and  0.100. 
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EXPERIMENTAL  PROCEDURES 


17-4PH  Precipitation  Hardening  Stainless  Steel  Bar 

background  ^MIL-HDBK-5  currently  contains  bearing  strength  allowables 
for  17-4PH  only  in  the  H900  condition.  With  the  increased  emphasis  on  the  use 
of  materials  in  tempers  and  heat-treat  conditions  which  exhibit  improved  fracture 
toughness  and  resistance  to  stress-corrosion  cracking,  it  is  desirable  to  estab- 
lish derived"  properties  for  the  overaged  conditions.  In  a previous  MIL-HDBK-5 
test  program^^^  compressive  yield  strength  and  shear  ultimate  strength  values 
were  determined  for  the  H1025  and  H1150  conditions.  In  order  to  complete  the 
room  temperature  mechanical  property  table  for  these  two  tempers,  bearing  yield 
and  ultimate  strengths  for  e/D  = 1.5  and  e/D  = 2.0  are  needed.  Although  17-4PH 
is  widely  used,  no  bearing  data  could  be  found  for  these  "overaged"  conditions 
In  the  literature.  Consequently,  testing  was  required  to  obtain  these  data. 

Test  Plan  As  defined  in  Chapter  1,  Section  1.4. 1.3  of  MIL-HDBK-5, 
derived  values  are  those  room  temperature  mechanical  property  values  that  are 
established  through  their  relationship  to  directly  calculated  values  for  room 
temperature  and  The  guidelines  for  the  presentation  of  data  as  des- 

cribed in  Chapter  9,  Section  9.3.9. 1,  of  MIL-HDBK-5  require  at  least  ten  pairs 
of  measurements,  each  representing  a single  lot  of  material.  For  economic 
reasons  it  was  decided  to  limit  the  number  of  heat  treat  conditions  to  be 
tested  to  the  H1025  and  H1150  tempers,  the  same  heat  treat  conditions  for  which 
compressive  yield  strength  and  shear  ultimate  strength  had  previously  been  deter- 
mined. These  two  tempers  represent  the  minimum  aging  temperature  for  good  stress 
corrosion  resistance  and  the  maximum  aging  temperature  for  the  alloy,  respectively. 
Table  1 shows  the  test  plan  to  acquire  the  necessary  data.  All  tests  were  sched- 
uled in  the  longitudinal  grain  direction  since  suppliers  do  not  guarantee  trans- 
verse mechanical  properties  for  17-4PH. 


(1)  Ruff,  P.  E.,  "Determination  of  Selected  MIL-HDBK-5  Design  Allowable  Proper- 
ties for  Five  Aerospace  Materials",  AFML-TR- 75-58 , Battelle's  Columbus 
Laboratories,  May,  1975. 
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TABLE  1.  TEST  PLAN  FOR  17-4PH  BAR,  H1025  AND  H1150  CONDITIONS 


Heat 

Identification 

Grain 

Direction 

Room  Temperature 

Tensile 

Bearing 

e/D  = 1,5 

e/D  = 2.0 

336009 

L 

3 

3 

3 

626436 

L 

3 

3 

3 

626692 

Ir 

3 

3 

3 

636003 

L 

3 

3 

3 

626881 

L 

3 

3 

3 

616501 

L 

3 

3 

3 

626650 

L 

3 

3 

3 

626787 

L 

3 

3 

3 

600086 

L 

3 

3 

3 

620402 

L 

3 

3 

3 

Total  One  Temper 

30 

30 

30 

Total  Two  Tempers 

60 

60 

60 
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Materials — The  same  ten  heats  of  air  melted  bar  that  were  evaluated 


in  the  previous  project,  reference  (1),  were  utilized  in  this  test  program. 

The  material  had  been  supplied  by  Armco  Steel  Corporation  at  no  cost.  The  bars, 
varying  from  1 to  4-1/2  inches  in  thickness,  were  selected  to  encompass  a wide 
thickness  range.  Chemical  composition  of  the  material  as  reported  by  Armco  is 
shown  in  Table  2,  All  compositions  conformed  to  the  requirements  of  AMS  5643. 

Heat  Treatment — ^Appropriate  lengths  from  each  bar  were  solution 
treated  at  1900  + 25  F for  1/2  hour  per  inch  of  section  thickness  and  air 
cooled  to  room  temperature.  The  bars  were  precipitation  heat  treated  at  1025  F 
or  1150  F for  4 hours  and  air  cooled.  All  heat  treatment  was  performed  in  air 
furnaces.  In  the  previous  investigation,  a considerable  amount  of  cold  work 
(apparently  from  s traightening ) was  detected  in  some  of  the  bars  which  resulted  in 
abnormally  high  tensile  strengths  after  age  hardening.  Consequently,  for  this 
test  program  all  bars  were  solution  treated  prior  to  precipitation  hardening  to 
remove  cold  work. 

Specimen  Preparation — After  heat  treatment,  specimens  were  machined 
from  the  bars  at  the  locations  shown  in  Figures  1 through  10.  The  configurations 
of  the  various  test  specimens  are  shown  in  Figures  A-1  through  A-3,  Appendix  A. 

Testing — Room  temperature  tensile  and  bearing  tests  were  performed  in 
accordance  with  the  procedures  described  in  Appendix  B.  The  results  of  these 
tests  are  shown  in  Tables  3 and  4.  All  heats  conformed  to  the  producers* 
guaranteed  minimum  tensile  properties  for  the  H1025  and  H1150  conditions. 

Ana lys is — Derived  values  refer  to  those  room  temperature  mechanical 

property  values  that  are  established  through  their  relationships  to  directly 

calculated  values  for  room  temperature  F and  F . The  procedure  is  applica- 

tu  ty 

ble  to  F , F , F,  , and  F,  and  involves  the  pairing  of  individual  SUS  and 
cy  su’  bru  bry  ® 

BUS  measurements  with  TUS  measurements  for  which  F^  has  been  established. 

tu 
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TABLE  2.  CHEMICAL  COMPOSITIONS  OF  17-4PH  TEST  MATERIALS 
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3 tensile  specimens: 
2H5LI  through  2H5L3 


6 bearing  specimens; 

2H5LI  through  2H5L6. 

Bearing  specimens  maximum  width 
possible 


FIGURE  1.  LOCATION  OF  TEST  SPECIMENS  FOR  17-4PH  BAR  --  CODE  H 


3 tensile  specimens; 
2K5LI  through  2K5L3 


6 bearing  specimens: 

2K5LI  through  2K5L6. 

Bearing  specimens  maximum  width 
possible. 


FIGURE  2.  LOCATION  OF  TEST  SPECIMENS  FOR  17-4PH  BAR  --  CODE  K 
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FIGURE  3.  LOCATION  OF  TEST  SPECIMENS 
FOR  17-4PH  BAR  --  CODE  I 


I I 


FIGURE  4.  LOCATION  OF  TEST  SPECIMENS 
FOR  17-4PH  BAR  — CODE  J 
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6 bearing  specimens: 
2L5LI  through  2L5L6 


FIGURE  5.  LOCATION  OF  TEST  SPECIMENS  FOR 
•17-4PH  BAR  --  CODE  L 


3 tensile  specimens 
2M5LI  through  2M5L3 


FIGURE  6.  LOCATION  OF  TEST  SPECIMENS  FOR 
17-4PH  BAR  --  CODE  M 
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6 bearing  specimens: 
2N5LI  through  2N5L6 


FIGURE  7.  LOCATION  OF  TEST  SPECIMENS  FOR 
17-4PH  BAR  --  CODE  N 


205U  through  205L6 


FIGURE  8.  LOCATION  OF  TEST  SPECIMENS  FOR 
I7-4PH  BAR  --  CODE  0 
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FIGURE  9.  LOCATION  OF  TEST  SPECIMENS 
FOR  17-4PH  BAR  --  CODE  P 


11 


TABLE  3.  LONGITUDINAL  MECHANICAL  PROPERTIES  OF  17-4PH  BAR.  CONDITION  H102S 
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TABLE  4.  LONGITUDINAL  MECHANICAL  PROPERTIES  OF  17-4PH  BAR,  CONDITION  H1150 
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Likewise,  individual  CYS  and  BYS  measurements  are  paired  with  TYS  measurements 
for  which  has  been  established. 

Room  temperature  bearing  yield  and  ultimate  strength  reduced  ratios 
were  determined  using  the  computational  procedure  described  in  Chapter  9,  Section 
9. 2. 9. 2 of  MIL-HDBK-5.  The  lot  average  test  values  for  bearing  yield  strength 
were  paired  with  the  corresponding  lot  average  test  values  for  tensile  yield 
strength.  Similarly,  the  bearing  ultimate  strength  values  were  paired  to  the 
corresponding  tensile  ultimate  strength  values.  Using  the  following  equation: 


where  R = reduced  ratio 

r = average  of  n ratios 

s = standard  deviation  of  the  ratios 

0,95  fractile  of  the  t distribution  corresponding  to 
n-1  degrees  of  freedom 
n = number  of  ratios. 

A computer  program  was  used  to  compute  the  reduced  ratios.  The  results  of  these 
computations  are  shown  in  Tables  5 through  8. 

These  reduced  ratios  were  utilized  to  establish  design  allowable  values 
for  the  "bearing"  properties  as  follows: 

f’bru  = R X (L),  A or  S basis 

^ru  = ^•5>H1025  = ^ = 263 

Fbru  (L)  (e/D  = 2.0)j^^q25  = 2-146  x 155  = 332 

(L)  = R X F^^  (L),  A or  S basis 

^bry  " ^•^^H1025  " ^ = ^11 
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F, 

bry 

(L) 

(e/D  = 

^•°^H1025  " 

1.729 

X 

145  = 250 

F. 

bru 

(L) 

(e/D  = 

^*^^H1150  " 

1.704 

X 

125  = 213 

^bru 

(L) 

(e/D  = 

^•°^H1150  " 

2.159 

X 

125  = 270 

^bry 

(L) 

(e/D  = 

^•^^H1150  "" 

1.526 

X 

100  = 152 

^ry 

(L) 

(e/D  = 

^•°^H1150  " 

1.812 

X 

100  = 181. 

The  and  A or  S values  were  obtained  from  existing  MIL-HDBK-5 

Table  2.5.8.0(f).  The  B allowables  were  computed  for  the  H1150  condition  in  a 
similar  manner  using  the  F^^^  and  F^y  B values  of  134  and  115  ksi,  respectively 
from  MIL-HDBK-5  Table  2.5.8.0(f).  MlL-HDBK-5  Table  2.5.8.0(f)  was  revised  to 
incorporate  the  above  new  design  allowables  as  shown  in  Table  9. 


Discuss  ion — A comparison  of  the  bearing  ratios  for  the  H1025  and  H1150 
conditions  as  determined  in  this  investigation  and  the  H900  condition  as  computed 
from  MIL-HDBK-5  Table  2.5.8.0(f)  is  shown  below: 


H900 

H1025 

H1150 

F, 

bru 

(e/D  = 1.5) 

1.647 

1.697 

1.704 

(e/D  = 2.0) 

2.00 

2. 146 

2.159 

^bry 

(e/D  = 1.5) 

1.50 

1.458 

1.526 

(e/D  = 2.0) 

1.647 

1.729 

1.812 

The  ratios  for  the  three  heat-treat  conditions  compare  reasonably  well,  especially 
the  ratios.  There  appears  to  be  a trend  for  slightly  higher  ratios  with  in- 

creasing aging  temperature. 

Summary — Room  temperature  and  Fjjj.y  values  for  the  H1025  and  H1150 

conditions  have  been  established.  MIL-HDBK-5  Table  2.5.9.0(f)  has  been  revised  as 
shown  in  Table  9 to  include  these  data.  (Values  in  the  large  print  represent  the 
new  data.) 
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TABI£  9.  PROPOSED  MIL-HDBK-5  TABLE  2.5.8.0(f) 
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Alloy  188  Sheet 


Background  Alloy  188  is  a corrosion  and  heat-resistant  cobalt  base 

alloy  exhibiting  high  strength  up  to  1800  F and  oxidation  resistance  up  to  2100  F. 

The  alloy  is  covered  by  AMS  5608  for  sheet  and  plate  and  AMS  5772  for  bars  and 

forgings.  Mechanical  property  data  for  this  alloy  in  sheet  form  have  been  col- 

(2) 

lected  by  BCL  under  the  MIL-HDBK-5  program  and  a summary  ^ of  the  data  available 
was  presented  at  the  44th  MIL-HDBK-5  Meeting.  However,  there  were  insufficient 
data  to  meet  the  guidelines  for  the  incorporation  of  a new  material  in  MIL-HDBK-5. 
Due  to  a recent  upsurge  in  interest  in  this  alloy  by  the  aircraft  engine  manufac- 
turers, it  was  desirable  to  determine  design  allowables  and  incorporate  this  alloy 
into  MIL-HDBK-5.  Consequently,  testing  was  required  to  obtain  sufficient  data. 

Test  Plan — ^As  defined  in  Chapter  1,  Section  1.4. 1.3  of  MIL-HDBK-5, 
derived  values  are  those  room  temperature  mechanical  property  values  that  are 
established  through  their  relationship  to  directly  calculated  values  for  room 
temperature  F^.^  and  F^y.  The  guidelines  for  the  presentation  of  data  are  de- 
scribed in  Chapter  9,  Section  9.2.9. 1 of  MIL-HDBK-5  and  require  at  least  ten 
pairs  of  measurements,  each  representing  a single  lot  of  material.  To  establish 
the  shape  of  elevated  temperature  curves  for  the  various  properties,  Section 
9.3. 1.1.1  of  MIL-HDBK-5  requires  a sample  consisting  of  at  least  five  lots  of 
material  at  each  of  several  temperatures. 

Table  10  shows  the  test  plan  to  acquire  the  necessary  data.  Room  tem- 
perature compression  and  shear  data  for  one  heat  were  available  in  Reference  3. 
Consequently,  tests  were  needed  for  nine  additional  heats.  According  to  the  guide- 
lines, bearing  data  for  at  least  three  heats  are  required  for  the  incorporation  of 
a new  material  into  MIL-HDBK-5.  Therefore,  bearing  tests  were  scheduled  for  three 
heats  with  edge  distance,  e/D  = 2.0.  Specification  AMS  5608  specifies  testing  in 
the  long  transverse  grain  direction  for  material  greater  than  9 inches  in  width. 
Consequently,  compression,  shear,  and  bearing  tests  were  planned  for  the  long 
transverse  direction.  Tensile  tests  were  also  scheduled  for  the  longitudinal  grain 

direction  in  order  to  determine  longitudinal  design  allowables  for  F.  and  F 
tu  ty 

(2)  Item  71-22,  "Haynes  Alloy  No.  188",  Status  Report  (Handout)  presented  at  the 
44th  MlL-HDBK-5  Meeting,  October  1972. 

(3)  Deel,  0.  L. , and  Mindlin,  H. , "Engineering  Data  on  New  Aerospace  Structural 
Materials",  AFML-TR-249,  Battelle*s  Columbus  Laboratories,  December  1971. 
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TABLE  10.  TEST  PLAN  FOR  ALLOY  188  SHEET 
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precision  compression  modulus  determination. 


A room  temperature  precision  compressive  modulus  value  was  not  available  for 
Alloy  188,  consequently,  room  temperature  precision  modulus  determinations 
were  scheduled  for  two  compression  specimens  prior  to  testing  to  determine 
compression  yield  strength. 

Sufficient'  elevated  temperature  tensile  data  up  to  2000  F were  avail- 
able in  References  3 through  5 to  establish  elevated  temperature  tensile 
strength  curves  in  accordance  with  guidelines.  Elevated  temperature  compres- 
sive yield  data  up  to  1400  F for  two  lots  (longitudinal  and  long  transverse 
grain  directions  for  one  heat)  were  available  in  Reference  3.  Therefore,  three 
lots  of  elevated  temperature  compressive  yield  strength  tests  were  scheduled 
so  as  to  conform  to  guidelines.  Test  temperatures  were  selected  to  be  the  same 
as  those  used  in  Reference  3* 

Material  - Stellite  Division,  Cabot  Corporation,  supplied  ten  heats  of 
solution  treated  (annealed)  sheet  at  no  cost.  Nine  heats,  varying  in  thickness 
from  0.034  to  0.817  inch  so  as  to  encompass  the  sheet  thickness  range,  were  used 
in  the  test  program.  Chemical  composition  of  the  material  as  reported  by  Stel- 
lite is  shown  in  Table  11.  All  compositions  conformed  to  the  requirements  of 
AMS  5608. 


Specimen  Preparation  - Specimens  were  excised  from  the  "as  received" 
solution  treated  sheet  at  the  locations  shown  in  Figures  11  through  13.  The 
configurations  of  the  various  test  specimens  are  shown  in  Figures  A-5  through  A-8 
in  Appendix  A.  Due  to  the  size  of  available  material,  tensile  specimens  with 
1-inch  gage  length  were  used. 

Testing  - All  specimens  were  tested  in  the  "as  received"  solution  trea- 
ted condition.  Room  temperature,  tensile,  compression,  shear,  and  bearing  as 
well  as  elevated  temperature  compression  tests  were  conducted  in  accordance 
with  the  procedures  described  in  Appendix  B.  The  results  of  these  tests  are 


(4)  Unpublished  data  from  J.  W.  Tackett,  Stellite  to  R.  J.  Favor,  Battelle, 
dated  March  23,  1972.  (MlL-HDBK-5  Source  M-101)  . 

(5)  Rutkosky,  F.  A.,  "Evaluation  of  Candidate  Heat  Shield  Materials  for  Shuttle 
Vehicle",  Report  LR  7765-4024,  Rockwell  International  Space  Division, 
September  1970.  (MIL-HDBK-5  Source  M-149). 
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TABLE  11.  CHEMICAL  COMPOSITIONS  OF  ALLOY  188  TEST  MATERIALS 
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shown  in  Table  12.  All  heats  conformed  to  the  minimum  tensile  properties 
specified  in  AMS  5608.  Room  temperature  compression  precision  modulus  tests 
were  conducted  on  long  transverse  compression  specimens  (Figure  A-6,  Appendix  A ) 
from  two  different  heats  as  described  in  Appendix  B.  The  results  of  these 
tests  as  shown  in  Table  13. 


Analysis  - As  previously  indicated,  derived  values  refer  to  those  room 
temperature  mechanical  property  values  that  are  established  through  their  re- 
lationships to  directly  calculated  value  for  room  temperature  and  F^^,  The 

procedure  is  applicable  to  F , F , F^  , and  F,  and  involves  the  pairing  of 
^ cy  su  bru  bry 

heat  average  SUS  and  BUS  measurements  with  TUS  measurements  for  which  F^^  has 
been  established.  Likewise,  heat  average  CYS  and  BYS  measurements  were  paired 
with  TYS  measurements  for  which  F^^  has  been  established.  Tensile  properties 
in  grain  directions  not  covered  by  specification  are  also  derived  in  a similar 
manner . 

Using  the  above  relationships  reduced  ratios  for  the  various  "unknown" 
properties  were  determined  using  the  computational  procedure  described  in 
Chapter  9,  Section  9. 2. 9. 2 of  MIL-HDBK-5.  The  heat  average  test  values  for 
long  transverse  compression  yield  and  bearing  yield  strength  were  paired  with 
the  corresponding  heat  average  test  value  for  long  transverse  tensile  yield 
strength.  Similarly,  the  long  transverse  shear  and  bearing  ultimate  values 
were  paired  to  the  corresponding  long  transverse  tensile  ultimate  values. 
Longitudinal  tensile  yield  and  ultimate  strength  values  were  paired  to  cor- 
responding long  transverse  tensile  properties.  Using  the  following  equation: 


R ==  r 


S.95 


s 


/n 


R reduced  ratio 

7 = average  of  n ratios 

s = standard  deviation  of  the  ratios 

t = the  0.95  fractile  of  the  t distribution  corresponding  to 

0.95 

n- 1 degrees  of  freedom 
n “ number  of  ratios. 
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TABLE  12.  MECHANICAL  PROPERTIES  OF  ALLOY  188  SHEET 
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TABLE  12,  (Continued) 
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Supplier  certification  tests 


table  13.  PRECISION  COMPRESSIVE  MODULUS  TEST  RESULTS 
FOR  ALLOY  188  SHEET 
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Thickness , 
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32.0 

Average 

32.9 

IT-3 

0-10 

33.3 

34.4 

34.4 

34.0 

10-17.9 

33.0 

34.4 

33.0 

33.5 

Average 

33.8 

Heat  Average 

33.6 

c 

0.187 

LT 

CT-1 

0-10 

35.7 

33.3 

34.4 

34.5 

1880-0-0164 

10-19.5 

32.8 

32.6 

32.8 

32.7 

Average 

33.6 

CT-2 

0-10 

33.3 

33.3 

33.3 

33.3 

10-19.5 

34.4 

34.5 

33.3 

34.1 

Average 

33.7 

CT-3 

0-10 

33.3 

33.3 

33.3 

33.3 

10-20 

34.5 

32.2 

31.2 

32.6 

Average 

32.9 

Heat  Average 

33.4 

Grand  Average  33.5 
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A computer  program  was  used  to  compute  the  reduced  ratios.  The  results  of  these 
computations  are  shown  in  Tables  14  and  15. 

These  reduced  ratios  were  utilized  to  establish  design  allowable  values 
for  "unknown”  properties  as  follows: 


F,  (L) 

ty 


= R X F^^(LT) , S basis 
= 1,037  X 55  = 57 
= R X F|.^(LT),  S basis 
= 1.003  X 125  = 125 


su 


(LT)  = R X F (LT),  S basis 
su 


Fg^(LT)  = 0.889  X 125  = 111 


F (LT) 
cy 

F (LT) 
cy  ^ 


= R X Fj.y(LT),  S basis 
= 1.005  X 55  = 55. 


specification  minimum  values.  Since  re- 
duced ratios  for  bearing  were  based  on  only  three  heats,  bearing  design  allow- 
ables were  not  proposed.  MIL-HDBK-5  Table  6.4.2.0(b)  was  prepared  with  the 
above  design  allowables  as  shown  in  Table  22. 

A room  temperature  tensile  modulus  of  elasticity  value  of  33,6  x 10^ 
ksi  (determined  dynamically)  was  reported  in  Reference  6.  However,  a precision 
value  was  not  available;  consequently,  tests  were  conducted  to  determine  this 
value.  The  results  of  these  measurements,  shown  in  Table  13,  indicated  a static 
compressive  modulus  of  elasticity  of  33.5  x 10®  ksi  compared  to  a dynamic  tensile 
modulus  of  elasticity  of  33.6  x 10®  ksi  as  reported  in  Reference  6.  Due  to  the 
similarity  in  values,  it  was  decided  to  equate  the  compressive  modulus  value  to 
the  tensile  modulus  value  for  the  design  allowable  table. 


(6)  Stellite  Division  Technical  Bulletin  F-30.361B,  "Haynes  Alloy  No.  188". 
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PERCEN 


The  effect  of  elevated  temperature  on  the  tensile  yield  and  ultimate 
strengths,  and  compressive  yield  strength  was  determined  in  accordance  with  the 
guidelines  in  Section  9.3.1  of  MIL-HDBK-5  using  the  equation: 


R = r 


^0.95 


s 


A 


where  R = reduced  ratio 

r = mean  value  of  the  ratio  of  the  elevated  temperature 

property  value  to  the  room  temperature  property  value 
s = standard  deviation  of  the  ratios 

t = the  0.95  fractile  of  the  t distribution  corresponding 

0 • 95 

to  the  n-1  degrees  of  freedom 
n = number  of  ratios  in  the  sample. 

A computer  program  was  used  to  compute  the  reduced  ratios.  The  results  of  these 
computations  are  shown  in  Tables  16  through  18.  Only  four  paired  elevated  tem- 
perature ratios  were  available  for  compression  yield  strength  because  the  longi- 
tudinal paired  ratios  for  one  heat  from  Reference  3 displayed  significantly  higher 
average  ratios  than  the  long  transverse  ratios  and  these  were  not  included.  The 
average  elevated  temperature  compressive  yield  strength  ratios  for  the  four  heats 


are  consistent  and  appear  representative;  consequently,  the  reduced  ratios  based 
on  four  heats  were  used  to  prepare  an  elevated  temperature  curve.  Working  curves. 
Figures  14  through  16,  were  drawn  through  100  percent  at  room  temperature  and 
not  higher  than  the  computed  reduced  ratios  (R)  shown  in  Tables  16  through  18 
for  each  temperature.  Specification  AMS  5608  specifies  minimum  tensile  prop- 
erties at  1200  F.  For  tensile  ultimate  strength  the  specification  elevated  tem- 
perature value  converted  to  percentage  of  room  temperature  value  produced  a per- 
centage of  62  percent  which  was  the  same  as  the  reduced  ratio  for  1200  F.  For 
tensile  yield  strength  the  specification  percentage  was  65  percent  compared  to 
62  percent  for  reduced  ratio.  Since  the  reduced  ratio  was  lower  than  the  speci- 
fication ratio,  the  working  curve  was  drawn  through  the  reduced  ratio  at  1200  F. 
Finished  curves  were  prepared  in  MIL-HDBK“5  format  as  shown  in  Figures  23 


through  25. 

Elevated  temperature  elongation  data  were  available  from  References 
3 and  4.  A working  curve  showing  the  effect  of  temperature  on  long  transverse 


36 


TABLE  16.  EFFECT  OF  TEMPERATURE  ON  TUS  OF  ANNEALED  ALLOY  188  SHEET 
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TABLE  17.  EFFECT  OF  TEMPERATURE  ON  TYS  OF  ANNEALED  ALLOY  188  SHEET 
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Percent  F„  ot  Room  Temperature  Pe^ent  F,„  at  Room  Temperature 


FIGURE  14.  WORKING  CURVE  SHOWING  EFFECT  OF  TEMPERATURE  ON 

THE  TENSILE  ULTIMATE  STRENGTH  OF  ALLOY  188  SHEET 


FIGURE  15.  WORKING  CURVE  SHOWING  EFFECT  OF  TEMPERATURE  ON 
THE  TENSILE  YIELD  STRENGTH  OF  ALLOY  188  SHEET 
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FIGURE  16.  WORKING  CURVE  SHOWING  EFFECT  OF  TEMPERATURE  ON 
THE  COMPRESSIVE  YIELD  STRENGTH  OF  ALLOY  188 
SHEET 
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elongation  is  presented  in  Figure  17.  This  curve  prepared  in  MIL-HDBK-5 
format  is  shown  in  Figure  28. 

Elevated  and  cryogenic  dynamic  modulus  of  elasticity  data  were  avail- 
able in  Reference  6.  A working  curve  showing  the  effect  of  temperature  on  the 
dynamic  modulus  of  elasticity  is  shown  in  Figure  18.  For  comparison  static  com- 
pressive modulus  data  from  Table  12  as  well  as  static  tension  and  compression 
modulus  data  from  Reference  3 are  plotted  in  the  same  graph.  Since  the  dynamic 
modulus  data  covered  a wider  temperature  range  than  the  static  data,  the  dynamic 
modulus  curve  was  prepared  in  MIL-HDBK-5  format  as  shown  in  Figure  26.  A MIL- 
HDBK-5  standard  note  concerning  the  difference  in  dynamic  and  static  moduli  of 
elasticity  at  elevated  temperatures  has  been  incorporated  in  the  graph. 

Room  and  elevated  temperature  data  for  Poisson* s ratio  were  avail- 
able in  Reference  7.  A working  curve  showing  the  effect  of  temperature  on 
Poisson* s ratio  is  shown  in  Figure  19.  The  finished  curve  in  MIL-HDBK-5  format 
is  presented  in  Figure  27.  The  modulus  of  rigidity,  G,  was  calculated  from  the 
tensile  modulus  of  elasticity  and  Poisson* s ratio  and  is  shown  in  Table  22. 

In  order  to  determine  typical  room  temperature  tensile  and  compressive 
s tres s- s train  curves,  the  load-strain  curves  obtained  from  tensile  and  compres- 
sion tests  were  used  to  determine  the  Ramberg-Osgood  shape  parameter,  n,  using 
the  graphical  procedure  described  in  Chapter  9,  Section  9. 3, 2. 4 of  MIL-HDBK-5. 
The  Ramberg-Osgood  parameter,  n,  for  each  tensile  and  compression  test  is  shown 
in  Table  11.  Using  the  Ramberg-Osgood  equation. 


e 1 
total 

^total 


e 1 ^ , 

total  plastic 


where  ^ = total  strain 

total 

f = stress 

k = constant 

E = modulus  of  elasticity 

n = Ramberg-Osgood  parameter. 


(7)  Unpublished  data  from  J.  Tackett,  Stellite  Division  (MIL-HDBK-5 
Source  M-357) . 
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FIGURE  17.  WORKING  CURVE  SHOWING  EFFECT  OF  TEMPERATURE  ON 
THE  ELONGATION  OF  ALLOY  188  SHEET 
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Poisson's  Ratio 


Temperature,  F 


FIGURE  19.  WORKING  CURVE  SHOWING  EFFECT  OF  TEMPERATURE 
ON  POISSON'S  RATIO  ( ^)  FOR  ALLOY  188 
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since 


e 1 - = kf 

plastic 


Aplastic  _ 0>Q02 


substituting 


'total 


TYS 

^ f + O.QQ2f 


.n 


TYS 


A computer  program  was  utilized  to  plot  typical  stress-strain  curves  using  typical 
values  for  E or  E^,  n,  and  TYS  or  CYS.  According  to  Section  9. 3. 2. 2 of  MIL-HDBK-5, 
three  lots  of  stress-strain  curves  are  required  to  establish  typical  curves. 

For  room  temperature  tensile  stress-strain  curves,  the  Ramberg-Osgood 
parameters  were  determined  from  the  tensile  tests  shown  in  Table  12  and  from 
those  in  Reference  3.  The  individual  heat  average  values  and  overall  average  n 
values  are  shown  in  Table  19.  The  typical  yield  strengths  were  determined  from 
the  grand  average  of  the  yield  strengths  of  the  heats  listed  in  Table  19.  The 
room  temperature  tensile  modulus  of  elasticity  as  published  in  Reference  6 is 
33.6  X 10^  psi.  A summary  of  the  parameters  used  to  construct  room  temperature 
tensile  stress-strain  curves  as  listed  below: 


Grain 

Direction 

L 

LT 


33.6 

33.6 


TYS 

74 

69 


19 

8.4 


Typical  room  temperature  tensile  stress-strain  curves  are  shown  in  Figure  29. 
Elevated  temperature  tensile  stress-strain  curves  were  available  for  only  one 
heat,  Reference  3,  which  was  insufficient  quantity  to  meet  guidelines  for  inclus- 
ion. 

For  compressive  stress-strain  and  compressive  tangent-modulus  curves, 
the  Ramberg-Osgood  parameters  were  determined  from  compression  tests  shown  in 
Table  12  and  as  from  those  in  Reference  3.  The  heat  average  values  and  overall 
average  n values  are  shown  in  Table  20.  The  typical  room  temperature  compressive 
yield  strength  was  determined  from  the  grand  average  of  the  yield  strengths  of 
the  heats  listed  in  Table  20. 
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TABLE  19.  DETERMINATION  OF  RAMBERG- OSGOOD  PARAMETERS  FOR  ROOM 
TEMPERATURE  TENSILE  STRESS-STRAIN  CURVES  FOR  ALLOY 
188  SHEET 


Heat  Number 

Thickness , 
Inches 

Ref 

L 

n 

LT 

1880-2-1611 

0.034 

- 

26 

6 

1880-4-1681 

0.089 

- 

17 

6 

1880-0-0164 

0.187 

- 

18 

13 

1880-4-1674 

0.060 

- 

21 

12 

1880-0-0162 

0.089 

- 

20 

5 

1880-4-1693 

0.125 

- 

30 

7 

1880-3-1662 

0.040 

- 

13 

13 

1880-4-1690 

0.120 

- 

17 

- 

1880-2-1619 

0.125 

- 

10 

- 

1880-0-0156 

0.078 

(3) 

16 

_5 

Average 

19 

8.4 

TABLE  20.  DETERMINATION  OF  RAMBERG -OSGOOD  PARAMETERS  FOR  LONG 
TRANSVERSE  COMPRESSIVE  STRESS-STRAIN  CURVES  FOR 

ALLOY  188  SHEET 

Thickness , 

n 

Heat  Number 

Inches 

Ref 

r't 

600  F 

1000  F 

1400  F 

1880-2-1611 

0.034 

- 

10 

- 

- 

1880-4-1681 

0.089 

- 

10 

- 

- 

- 

1880-0-0164 

0.187 

- 

16 

- 

- 

- 

1880-4-1674 

0.060 

- 

21 

22 

22 

29 

1880-0-0162 

0.040 

- 

10 

11 

11 

15 

1880-4-1693 

0.125 

- 

12 

12 

15 

12 

1880-3-1662 

0.040 

- 

19 

- 

- 

- 

1880-4-1690 

0.120 

9 

- 

- 

- 

1880-2-1619 

0.125 

- 

19 

- 

- 

- 

1880-0-0156 

0.078 

(3) 

_5 

___6 

12 

Average 

13 

13 

15 

18 
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The  elevated  temperature  typical  compressive  yield  strengths  were  determined 
by  multiplying  the  room  temperature  typical  yield  strength  by  the  percentage 
indicated  by  the  elevated  temperature  compressive  yield  strength  curve, 

Figure  25.  The  room  temperature  compressive  modulus  of  elasticity  as  estab- 
lished in  this  test  program,  Table  22,  was  33.6  x lOP  psi.  The  elevated  tem- 
perature compressive  moduli  were  obtained  by  multiplying  the  room  temperature 
value  by  the  percentage  indicated  by  the  elevated  temperature  dynamic  modulus 
curve.  Figure  26.  A summary  of  the  parameters  used  to  construct  the  compres- 
sive stress- strain  and  compressive  tangent  modulus  curves  is  shown  in  Table  21. 

TABLE  21.  PARAMETERS  FOR  CONSTRUCTION  OF  TYPICAL  LONG  TRANSVERSE 
COMPRESSIVE  STRESS-STRAIN  AND  TANGENT  MODULUS  CURVES 
FOR  ALLOY  188 


Test 

Temperature 

F 

Compressive  Yield 
Strength , 
ksi 

Ramberg- Osgood 
Parameter 

n 

Compressive 
Modulus3 
ksi  X 10 

RT 

72 

13 

33,6 

600 

50 

13 

29.9 

1000 

46 

15 

27.2 

1400 

40 

18 

24.9 

Compressive  tangent-modulus  curves  were  also  constructed  utilizing 
the  above  parameters  and  the  following  equation: 


"tan  1 , 

- + nKf 


where  tangent  modulus  is  the  first  derivative  of  stress  with  respect  to  strain, 
df/de.  Typical  compressive  stress- strain  and  compressive  tangent  modulus 
curves  at  various  temperatures  are  presented  in  Figure  30. 

Physical  property  data  for  Alloy  188  were  available  in  Reference  6. 

This  source  indicates  the  density  to  be  0.330  Ib/cu  in.  The  effect  of  tempera- 
ture on  coefficient  of  expansion,  thermal  conductivity,  and  specific  heat  is 
shown  by  working- curves  in  Figure  20  and  the  corresponding  MIL-HDBK-5  illustration 
in  Figure  22. 
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CM 
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FIGURE  20.  WORKING  CURVE  SHOWING  EFFECT  OF  TEMPERATURE 
ON  PHYSICAL  PROPERTIES  OF  ALLOY  188 
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A MIL-HDBK  Section  6. 4, 2.0  describing  Alloy  188  has  been  prepared  as 
shown  in  Figure  21. 

- The  reduced  ratio  of  88.9  for  Alloy  188  appears  high. 
However,  this  ratio  compares  favorably  with  the  ratio  of  84.6  for  L-605,  a 

'milar  cobalt  base  alloy.  The  latter  ratio  was  computed  from  MIL-HDBK  Table 
6.5.1.0(b). 

Summary  - A complete  new  MIL-HDBK-5  Section  6.4.2  has  been  prepared  to 
incorporate  design  allowable  properties  for  Alloy  188  into  MIL-HDBK-5.  The  section 
consists  of  a comments  section,  Figure  21,  and  room  temperature  design  mechanical 
properties  as  shown  in  Table  22.  These  allowables  are  based  upon  specification 
minimum  tensile  strengths.  In  addition,  effect  of  temperature  on  tensile  yield 
and  ultimate  strengths,  compfessive  yield  strength,  elongation,  dynamic  moduli 
of  elasticity,  Poisson's  ratio,  and  physical  properties  are  shown  in  Figures  22 
through  28.  Typical  room  temperature  tensile  stress-strain  as  well  as  room  and 
elevated  temperature  compressive  stress-strain  and  compressive  tangent-modulus 
curves  are  presented  in  Figures  29  and  30. 
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6*4#2,0  Comments  and  Properties  ^ Alloy 
188  is  a corrosion  and  heat  resistant  cobalt- 
base  alloy  used  for  moderately  stressed  parts 
up  to  2100  F.  The  alloy  exhibits  outstanding 
oxidation  resistance  up  to  2100  F resulting 
from  the  addition  of  minute  amounts  of  lan- 
thanum to  the  alloy  system.  The  alloy  exhibits 
excellent  post-aged  ductility  after  prolonged 
_ heating  of  1000  hours  at  temperatures  up  to 
1600  F inclusive. 

Alloy  188  is  not  hardenable  except  by 
cold  working  and  is  used  in  the  solution 
treated  condition.  The  alloy  can  be  forged 
and  welded.  Welding  can  be  accomplished  by 
both  manual  and  automatic  welding  methods 
including  electron  beam,  gas  tungsten  air, 
and  resistance  welding.  Like  other  cobalt 
base  alloys,  machining  is  difficult  neces- 
sitating the  use  of  sharp  tools  and  low  cut- 
ting speeds;  high  speed  steel  or  carbide 
cutting  tools  are  recommended. 

Gas  turbine  applications  include  transi- 
tion ducts,  combustion  cans,  spray  bars,  flame- 
holders  and  liners.  Material  specifications 
for  Alloy  188  are  presented  in  Table  6.4. 2,0 
(a). 

TABLE  6.4.2.0(a)  Materi'!  Soecif ications 
for  Alloy  1^,2 


Room  Temperature  Properties 

Room  temperature  mechanical  and 
physical  properties  are  shown  in  Table 
6. 4. 2, 0(b).  The  effect  of  temperature 
on  physical  properties  is  shown  in 
Figure  6. 4. 2.0. 

6. 4. 2.1  Solution  Treated  Condition  - 
Elevated  temperature  properties  for 
this  condition  are  presented  in  Figure 
6.4.2.1.1(a)  through  6.4.2. 1.4. 

Typical  tensile  stress- strain 
curves  at  room  temperature  are  present 
in  Figure  6.4.2.1.6(a).  Typical 
compressive  stress-strain  and  tangent 
modulus  curves  at  room  and  elevated 
temperatures  are  presented  in  Figure 
6.4.2.1.6(b). 


Specification 

Form 

Condition 

AMS  5608 

Sheet  and 

Solution  treated 

plate 

(annealed) 

AMS  5772 

Bars  and 

Solution  treated 

forgings 

(annealed) 

FIGURE  21.  PROPOSED  MIL-HDBK-5  SECTION  6.4,2  FOR  ALLOY  188 
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TABLE  22.  PROPOSED  MIL-HDBK-5  TABLE  6.4.2.0(b) 


TABLE  6.4.2.0(b).  Design  Mechanical  and  Physical  Pro[)crtics  of  Alloy  188 


Specification  

Form 

Condition 

Thickness  or  diameter,  in._._. 

Basis 

AMS  5608 

Sheet 

Solution  treated 

<0.020 

0.020  - 0.187 

s 

s 

Mechanical  properties: 

Ftiv  = 

L 

125 

125 

LT 

125 

125 

Fly,  ksi: 

L 

57 

57 

LT 

55 

55 

Fey,  ksi: 

T 

LT 

55 

55 

• 

Fsii,  ksi  

111 

111 

^b77C>  ksi; 

(e/D  = 1.5) 

... 

... 

(e/D  = 2.0)„...._.. 

— 

— 

fhry*  ^si; 

(e/D  = 1 . 5). 

... 

... 

(e/D  = 2.  0) 

— 

e,  percent: 

T 

Li  • • • • • V..... 

LT 

40 

45 

E,  10^  ksi 

33, 

.6 

10^  ksi 

33, 

.6 

Gf  10^  ksi 

12, 

,8 

/i- - 

0, 

,31 

Physical  properties: 

to,  Ib/in.  ^ 

0.330 

C,  Dlu/(lb)(F) 

See  Figure 

6. 4. 2.0 

J{,  Btu/[(hr)(ft2)(F)/rt] 

See  Figure 

6. 4. 2.0 

a,  10-6  in.  /in.  /F 

See  Figure 

6. 4. 2.0 
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FIGURE  6. 4, 2,0.  Effect  of  temperatur<'  dpi  the  physical 
properties  of  Alloy  luy, 

FIGURE  22.  PROPOSED  MIL-HDBK-5  FICUKK  6. 4. 2.0 
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, 10"®  in./in./F 


Percent  Fjy  at  Room  Temperature  Percent  at  Room  Temperature 


FIGURE  6.4.2.1.1(a)  Effect  of  temperature  on  ultimate  tensile  strength 

(E(;u'  of  Alloy  188  sheet. 

FIGURE  23.  PROPOSED  MIL-HDBK-5  FIGURE  6.4.2.1.1(a) 


FIGURE  6.4.2.1.1(b).  Effect  of  temperature  on  tensile  yield  strength  (Fj.y) 

of  Alloy  188  sheet. 

FIGURE  24.  PROPOSED  MIL-HDBK-5  FIGURE  6.4.2.1.1(b) 
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FIGURE  6. 4. 2. 1.2.  Effect  of  temperature  on  compressive 

yield  strength  (F^^)  of  Alloy  188  sheet. 

FIGURE  25.  PROPOSED  MIL-HDBK-5  FIGURE  6.4.2. 1,2 
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FIGURE  26.  PROPOSED  MIL-HDBK-5  FIGURE  6.4.2.1.4(a) 


Temperature,  F 


FIGURE  6 . A . 2 . 1 . 4 (b) . Effect  of  temperature  on  Poisson ' s 

ratio  (u)  for  Alloy  188. 

FIGURE  27.  PROPOSED  MIL-HDBK-5  FIGURE  6. A. 2. 1.4(b) 


FIGURE  6. 4. 2. 1.5.  Effect  of  temperature  on  elongation  (e)  of  Alloy  188 

sheet . 

FIGURE  28.  PROPOSED  MIL-HDBK-5  FIGURE  6. 4. 2. 1.5 
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FIGURE  6.4.2.1.6(a).  Typical  tensile  stress-strain  curves  for  Alloy  188 

sheet  at  room  temperature. 

FIGURE  29.  PROPOSED  MIL-HDBK-5  FIGURE  6.4.2.1.6(a) 
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Compressive  Tangent  Modulus,  10^  ksi 


FIGURE  6.4.2.1.6(b).  Typical  compressive  stress-strain  and  tangent-modulus  curves 

for  Alloy  188  sheet  at  various  temperatures. 

FIGURE  30.  PROPOSED  MIL-HDBK-5  FIGURE  6.4.2.1.6(b). 
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15-5PH  Precipitation  Hardening  Stainless  Steel  Bar 


Background  - MIL-HDBlC-5  currently  contains  **derived  property*'  allow- 
ables for  15-5PH  in  two  heat  treat  conditions,  H1025  and  H1150,  with  bearing 
strength  allowables  available  only  for  the  H1025  condition.  In  order  to  complete 
the  room  temperature  mechanical  property  allowables  for  the  H1150  condition,  it 
is  desirable  to  establish  bearing  yield  and  ultimate  strength  for  e/D  r 1.5  and 
e/D  = 2.0.  A literature  search  did  not  produce  any  bearing  strength  data  for  the 
H1150  condition;  consequently,  testing  was  required  to  obtain  these  data. 

/O') 

Elevated  temperature  tensile  yield  and  ultimate  strength  curves^  ^ for 
the  H925,  H1025,  and  HllOO  conditions  were  approved  for  incorporation  at  the  49th 
MIL-HDBK-5  Meeting  and  will  appear  in  Revision  C.  Similarly,  it  is  desirable  to 
establish  elevated  temperature  compressive  yield  strength  curves  for  the  various 
tempers.  Elevated  temperature  compressive  yield  strength  data  for  one  heat  in 
the  longitudinal  and  long  transverse  grain  directions  for  the  H1025  condition  are 
available  in  Reference  9.  Elevated  temperature  compressive  yield  strengths  are 
the  H1150  condition  for  three  heats  in  the  longitudinal  grain  direction  are  avail- 
able in  Reference  1.  Consequently,  only  a modest  amount  of  testing  was  needed 
to  obtain  the  required  quantity  of  elevated  temperature  compressive  yield  strength 
data  for  the  H1025  and  H1150  heat  treat  conditions. 


Test  Plan  - As  defined  in  Chapter  1,  Section  1.4. 1.3  of  MlL-HDBK-5, 
derived  values  are  those  room  temperature  mechanical  property  values  that  are 
established  through  their  relationship  to  directly  calculated  values  for  room 
temperature  and  "^^e  guidelines  for  the  presentation  of  data  are 

described  in  Chapter  9,  Section  9. 2. 9.1,  of  MIL-HDBK-5  and  require  at  least  ten 
pairs  of  measurements,  each  representing  a single  lot  of  material.  To  establish 
the  shape  of  elevated  temperature  curves  for  the  various  properties.  Section 
9. 3. 1.1.1  of  MlL-HDBK-5  requires  a sample  consisting  of  at  least  five  lots  of 
material  at  each  of  several  temperatures.  The  test  plan  for  acquiring  the 


(8)  Item  75-6,  "Elevated  Temperature  Curves  for  15-5PH  Bar",  49th  MIL-HDBK-5 
Meeting  Handout  Proposal , Apri 1 1975. 

(9)  Deel,  0.  L. , and  Mindlin,  H. , "Engineering  Data  on  New  Aerospace  Structural 
Materials",  AFML-TR-72-196 , Volume  II,  September  1972. 
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tensile. 
Table  23. 
Table  24. 


compression,  and  bearing  data  for  the  H1150  condition  is  presented  in 
The  required  compression  tests  for  the  H1025  condition  are  shown  in 


Material  - The  same  seven  heats  of  consumable  electrode  vacuum  melted 
15-5PH  bar  that  were  evaluated  in  the  previous  project.  Reference  1 , were 
utilized  for  this  test  program.  The  material  had  been  supplied  by  Armco  Steel 
Corporation  at  no  cost.  The  bars,  varying  from  5/8  inch  to  5-1/2  inches  in 
thickness,  were  selected  to  encompass  a wide  thickness  range.  Chemical  composi- 
tion of  the  six  heats  as  reported  by  Armco  is  shown  in  Table  25.  These  composi- 
tions conformed  to  the  requirements  of  AMS  5659. 

Heat  Treatment  - In  order  to  remove  any  cold  work  from  straightening, 
appropriate  lengths  from  each  bar  were  solution  treated  at  1900  + 25  F for  1/2 
hour  per  inch  of  section  thickness  and  air  cooled  to  room  temperature.  The  bars 
were  precipitation  heat  treated  at  1025  or  1150  F for  4 hours  and  air  cooled. 

All  heat  treatment  was  performed  in  air  furnaces. 

SEgcimen  Preparation  - After  heat  treatment,  specimens  were  machined 
from  the  bars  at  the  locations  shown  in  Figures  31  through  39.  The  configura- 
tions of  the  various  test  specimens  are  shown  in  Figures  A-1  through  A-4 , 
Appendix  A. 


Igsting  - Room  temperature  tensile,  compression,  and  bearing  tests  and 
elevated  temperature  compression  tests  were  performed  in  accordance  with  the 
procedures  described  in  Appendix  B.  The  results  of  the  tests  are  shown  in 
Tables  26  and  27.  The  tensile  ultimate  strengths  of  two  heats,  3X0786  and 

1W0516,  were  slightly  below  producers'  guaranteed  minimum  value  of  135  ksi  for 
H1150  condition. 

Analysis  - As  previously  indicated,  derived  values  refer  to  those  room 
temperature  mechanical  property  values  that  are  established  through  their  rela- 
tionships to  directly  calculated  values  for  room  temperature  F and  F . The 

tu  ty 

procedure  is  applicable  to  Fj^^^  and  F^^^  and  involves  the  pairing  of  individual 
BUS  measurements  with  TUS  measurements  for  which  F^  has  been  established. 
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TABLE  23 . TEST  PLAN  FOR  15-5PH  BAR  H1150  CONDITION 


Heat  Grain 

Identification  Direction 


Room  Temperature 

Bearing 

Tensile  e/D  = 1.5  e/D  = 2.0 


Temperature 

RT,  400.  700,  900  F 

Compression 


3X0786  L 3 

3X0786  T 3 

1W0516  L 3 

1W0516  T 3 

1W0861  L 3 

1W0861  T ■ 3 

4X0780  L 3 

3W0523  L 3 

3W0687  L 3 

Total  27 


3 

3 

3 

3 

3 

3 

3 

3 

3 

27 


3 

3 

3 

3 

3 

3 

3 

3 

3 

27 


2 


2 


16 


TABLE  24.  TEST  PLAN  FOR  15-5PH  BAR  H1025  CONDITION 


Identification 


Temperature 

Grain  Room  Temperature  RT,  400,  700,  900  F 

Direction  Control  Tensile  Compression 


1W0516  LI  2 

1W0861  LI  2 

4X0780  LI  2 

Total  3 24 
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FIGURE  31.  LOCATION  OF  TEST  SPECIMENS  FOR 
15-5PH  BAR,  H1150-CODE  A 
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Six  bearing  specimens: 


FIGURE  32.  LOCATION  OF  TEST  SPECIMENS  FOR 
15-5PH  BAR,  H1150-CODE  B 
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Three  tensile  specimens; 
IC5TI  through  IC5T3\ 


ifi 
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<D  — 
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FIGURE  33.  LOCATION  OF  TEST  SPECIMENS  FOR  15-3PH  JBAR,  HUSO- CODE  C 


FIGURE  34.  LOCATION  OF  TEST  SPECIMENS  FOR  15-5PH  BAR,  H1150-C0DE  E 
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FIGURE  35.  LOCATION  OF  TEST  SPECIt-IENS  FOR  15-5PH,  H1150-CODE  F 


68 


FIGURE  36.  LOCATION  OF  TEST  SPECIMENS  FOR  15-5PH,  H1150-CODE  G 


69 


FIGURE  37.  LOCATION  OF  TEST  SPECIMENS  FOR  15-5PH,  H1025-CODE  B 


70 
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FIGURE  38.  LOCATION  OF  TEST  SPECIMENS  FOR  15-5PH,  H1025-CODE  C 


FIGURE  39.  LOCATION  OF  TEST  SPECIMENS  FOR  15-5PH,  H1025-CODE  E 
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TABLE  26.  MECHANICAL  PROPERTIES  OF  15-5PH  BAR  CONDITION  H1150 
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TABLE  27.  LONGITUDINAL  MECHANICAL  PROPERTIES  OF  15-5PH  BAR  CONDITION  H1025 
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Likewise,  individual  BYS  measurements  are  paired  with  TYS  measurement  for  which 
has  been  established, 

ty 

Room  temperature  bearing  yield  and  bearing  ultimate  strength  reduced 
ratios  were  determined  using  the  computational  procedure  described  in  Chapter  9, 
Section  9*2, 9,2  of  MIL*"HDBK“'5 • The  lot  average  test  values  for  bearing  yield 
strengths  were  paired  with  the  corresponding  lot  average  test  values  for  tensile 
yield  strengths.  Similarly,  the  bearing  ultimate  values  were  paired  to  the  cor- 
responding tensile  ultimate  values.  Like  derived  property  grain  directions  were 
paired  with  like  tensile  property  grain  directions.  Using  the  following  equation 


R = Y 


*^0.95^ 

/n 


where  R = reduced  ratio 

Y = average  n ratios 

s = standard  deviation  of  the  ratios 

tg  “ the  0.95  fractile  of  the  t distribution  corresponding 
to  n-1  degrees  of  freedom 
n = number  of  ratios. 

A computer  program  was  used  to  compute  the  reduced  rations.  The  results  of  these 
computations  are  shown  in  Tables  28  and  29.  Confirming  the  assumptions  made  in 
establishing  the  test  plan,  there  did  not  appear  to  be  any  significant  difference 
in  the  reduced  ratios  for  longitudinal  and  long  transverse  grain  directions; 
consequently  the  two  grain  directions  were  treated  together. 

These  reduced  ratios  were  utilized  to  establish  design  allowable  values 


for  the  "bearing”  properti 

es  as 

follows : 

= R 

X F^^(L) , S basis 

(e/D 

135  = 

230 

‘'bru<“'"> 

(e/D 

■ '•O'huso  • ^-1”  - 

135  = 

293 

= R 

F^^(L),  A or  S basis 

’'bry(“‘’^> 

(e/D 

X 105 

= 166 

''bry<“"> 

(e/D 

X 105 

= 201. 
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The  and  values  were  obtained  from  existing  MIL-HDBK-5  Table  2, 5. 6. 0(c). 

A comparison  of  the  bearing  allowables  for  the  H1025  and  H1150  condi- 
tions  is  shown  below. 


H1025  H1150 


(e/D  = 1.5) 

220 

230 

(e/D  = 2.0) 

285 

293 

F,  , ksi 
bry 

(e/D  = 1.5) 

189 

166 

(e/D  = 2.0) 

222 

201 

The  allowables  for  the  H1025  condition  are  from  existing  MIL-HDBK-5  Table 
2.5.6.0(c).  A comparison  of  the  bearing  allowables  for  the  two  heat  treat 
conditions  indicates  that  the  bearing  ultimate  allowables  for  the  H1150  condi- 
tion are  higher  than  for  the  H1025  condition  even  though  the  tensile  ultimate 
strength  of  the  H1150  is  considerably  lower  than  that  of  the  H1025  condition. 

As  Indicated  in  the  Reference  1 report,  the  reduced  ratios  determined 
for  the  H1025  condition  appeared  to  be  low  and  an  investigation  was  made  at  that 
time  to  check  the  bearing  strengths  which  were  measured.  The  test  machine  was 
calibrated  a second  time  (after  the  testing  had  been  completed);  the  specimen 
dimensions  were  rechecked  for  tolerance  conformance;  and  the  entire  test  setup 
was  rechecked  several  times  with  no  discrepancies  found.  Annealed  Ti-6Al-6V-2Sn 
bearing  specimens,  which  were  tested  at  the  same  time  as  the  15-5PH  specimens, 
exhibited  bearing  ratios  similar  to  annealed  Ti-6A1-4V. 

A comparison  of  15-5PH  bearing  reduced  ratios  with  those  for  17-4PH  in 
the  H900,  H1025,  and  H1150  conditions  and  with  those  for  Custom  450  and  Custom  455 
as  determined  from  tests  by  Carpenter  Technology  Corporation,  References  ..0  and  11, 


(10)  Item  75-22,  "Additional  Data  for  Custom  455  Bar",  Proposal  attached  to  51st 
Meeting  Agenda,  April  1976. 
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is  shown  in  Table  30.  All  bearing  tests  except  those  for  17-4PH  in  H900 
condition  were  conducted  using  'clean  pin"  conditions.  (See  bearing  test  proce- 
dure described  in  Appendix  B.)  The  cleanliness  conditions  for  the  tests  used  to 
determine  the  allowables  for  17— 4PH,  H900  condition,  are  unknown.  From  this 
table  it  can  be  seen  that  the  reduced  ratios  for  15-5PH  in  the  H1025  condition 
are  considerably  lower  than  all  of  the  others  and  appear  suspect. 

In  order  to  check  these  low  ratios,  additional  bearing  tests  were  con- 
ducted on  15-5PH,  H1025  condition,  using  three  of  the  same  heats  of  bar  tested 
previously.  Appropriate  lengths  of  the  bars  were  precipitation  heat  treated  at 
1025  F for  4 hours  and  air  cooled  in  an  air  furnace  to  simulate  previous  proce- 
dure. After  heat  treatment,  specimens  were  machined  from  the  bars  at  the 
locations  shown  in  Figures  40  and  41. 

Tests  were  conducted  for  both  e/D  = 1.5  and  e/D  = 2.0  conditions. 

The  results  of  the  mechanical  property  tests  are  presented  in  Table  31.  The 
bearing  average  and  reduced  ratios  are  shown  in  Tables  32  and  33.  The  reduced 
ratios  from  these  tests  are  much  higher  than  the  previous  tests  and  compare 
closely  with  those  for  17-4PH,  H1025  condition. 

The  configuration  of  the  bearing  specimen  was  changed  from  that  used 
in  the  previous  investigation.  Reference  1,  and  the  bearing  hole  diameter 
reduced  from  0.375  to  0.250  inch  and  the  width  increased  from  1-1/4  to  2 inches. 
However,  it  is  believed  that  these  changes  would  not  cause  the  large  differences 
in  the  reduced  ratios  as  evidenced  by  the  fact  that  the  Custom  450  and  Custom  455 
bearing  tests  utilized  a 0.375-inch-diameter  bearing  hole. 

Although  the  cause  for  the  differences  in  the  reduced  ratios  determined 
in  the  previous  program.  Reference  1,  and  those  determined  in  this  test  program 
could  not  be  determined,  it  is  believed  that  the  previously  determined  reduced 
ratios  are  low.  Since  the  resulting  design  allowable  bearing  values  in  MIL-HDBK-5 
Table  2.5.6.0(c)  for  15— 5PH,  H1025  condition,  are  highly  conservative,  these  should 
be  changed  so  that  the  bearing  allowables  for  the  H1025  condition  appear  reasonable 
with  respect  to  those  for  the  H1150  condition. 


(11)  Item  75-23,  "Custom  450  Bar",  Proposal  attached  to  51st  Meeting  Agenda, 
April  1976. 
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TABLE  30.  COMPARISON  OF  BEARING  STRENGTH  REDUCED  RATIOS  FOR  SEVERAL  PRECIPITATION 
HARDENING  CORROSION  RESISTANT  STEELS 
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FIGURE  40.  LOCATION  OF  TEST  SPECIMENS  FOR  15-5PH,  H1025-CODE  B 
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TABLE  31-  LOIflCITUDIHAL  MECHANICAL  PROPERTIES  15-5PH  BAR  CONDITION  H1025 
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TflBLF  33.CETERMINATION  OF  eUS/TUS  RATIOS  PQR  15-5PH  BAR  H1035  CONDITION 
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The  bearing  tests  to  check  the  previous  data  for  the  H1025  condition 
were  conducted  on  three  heats  which  constitute  insufficient  data  to  meet  the 
MIL-HDBK-5  guidelines  for  determination  of  derived  properties.  However,  the 
average  (mean)  ratios  and  standard  deviations  (variances)  for  these  three  heats 
were  very  similar  to  those  for  17-4PH,  H1025  condition.  Consequently,  the  **F"  and 
'*t”  tests  were  conducted  to  determine  if  there  was  any  significant  difference  in 
the  reduced  ratios  for  17-4PH  and  15-5PH,  H1025  condition  . 

The  test  was  used  first  to  determine  whether  the  two  sample  vari- 
ances differ  (or  do  not  differ)  significantly,  after  which  the  *'t"  test  was  used 
to  evaluate  whether  the  two  sample  means  differ  (or  do  not  differ)  significantly. 
The  results  of  the  "F”  and  "t"  tests,  presented  in  Table  34,  indicated  no  signiifi- 
cant  difference  in  the  BYS/TYS  ratios  for  15-5PH  and  17-4PH,  H1025  condition.  The 
results  of  the  "F"  and  "t"  tests,  shown  in  Table  35,  indicated  no  significant  dif- 
ference in  the  BUS/TUS  ratios  for  17-4PH  and  15-5PH,  H1025  condition,  except  in 
the  means  for  e/D  = 2.0.  Since  seven  of  eight  conditions  tested  showed  no  signif- 
icant difference  in  the  bearing  ratios  for  17-4PH  and  15-5PH,  H1025  condition,  and 
since  for  the  one  exception,  the  17-4PH  mean  percentage  (ratio)  was  lower  than  the 
15-5PH  mean  percentage  (ratio),  it  is  recommended  that  the  reduced  ratios  deter- 
mined for  17-4PH,  H1025  condition,  be  used  for  15-5PH,  H1025  condition. 

Consequently,  the  current  bearing  design  allowables  for  15-5PH,  H1025 
condition,  in  MIL-HDBK-5  Table  2.5.6.0(c)  have  been  replaced  with  the  bearing 
allowables  determined  for  17-4PH,  H1025  condition,  as  determined  in  this  test 
program.  These  new  bearing  allowables  for  15-5PH  are  shown  in  Table  45. 

The  effect  of  elevated  temperature  on  the  compressive  yield  strength 
Was  determined  in  accordance  with  the  guidelines  in  Section  9.3.1  of  MIL-HDBK-5 
using  the  following  equation: 


R = r 


where  R = 
r = 


6 = 


reduced  ratio 

mean  value  of  the  ratio  of  the  elevated  temperature 
property  value  to  the  room  temperature  property  value 
standard  deviation  of  the  ratios 
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TABLE  34.  TESTS  OF  SIGNIFICANCE  FOR  BYS/TYS  RATIOS 
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= the  0.95  fractile  of  the  t distribution  corresponding 
to  n-1  degrees  of  freedom 
n = number  of  ratios  in  the  sample. 

A computer  program  was  used  to  compute  the  reduced  ratios.  The  results  of  these 
computations  are  shown  in  Table  36  for  the  H1025  condition  and  in  Table  37  for 
the  H1150  condition.  Working  curves,  Figures  42  and  43,  were  drawn  through  100 
percent  at  room  temperature  not  not  higher  than  the  computed  reduced  ratios  (R) 
shown  in  Tables  36  and  37  for  each  temperature.  Finished  curves  were  prepared 
in  MIL-HDBK-5  format  as  shown  in  Figures  45  and  46. 

The  compressive  modulus  of  elasticity  data  in  Table  26  and  27  as  well 
as  data  from  References  1 and  9 were  employed  to  establish  the  effect  of 
temperature  on  the  compressive  modulus.  Individual  average  ratios  of 
elevated  temperature, 

7 7 for  the  H1025  condition  and  for  the  H1150  condition  are 

room  temperature, 

presented  in  Table  38.  Since  the  compressive  modulus  is  not  expected  to  vary 
with  heat  treat  condition,  the  data  were  combined  with  the  overall  average  ratios 
at  each  temperature  shown  in  Table  38.  A working  curve.  Figure  44,  was  drawn 
through  100  percent  at  room  temperature  and  not  higher  than  the  average  percentage 
shown  in  Table  38. 

Although  the  average  ratios  indicated  100  percent  at  400  F and  96.2  at 
700  F,  the  elevated  temperature  compressive  modulus  curve  was  drawn  conservatively 
below  these  values  based  upon  shape  of  elevated  temperature  compressive  modulus 
curves  for  other  similar  precipitation  hardening  stainless  steels.  The  finished 
curve  prepared  in  MIL-HDBK-5  format  is  shown  in  Figure  47. 

MIL-HDBK-5  currently  contains  longitudinal  and  long  transverse  compres- 
sive stress-strain  and  tangent-modulus  curves  at  room  temperature  for  the  H1025 
and  H1150  conditions.  In  order  to  determine  typical  elevated  temperature  com- 
pressive stress-strain  curves  for  the  H1025  and  H1150  conditions,  the  load-strain 
curves  obtained  from  compression  tests  were  used  to  determine  the  Rambcrg-Osgood 
shape  parameter,  n,  employing  the  graphical  procedure  described  in  Chapter  9, 
Section  9. 3.2.4  of  MIL-HDBK-5.  The  average  Ramberg-Osgood  parameter  for  each 
heat  from  Tables  26  and  27  as  well  as  those  from  References  1 and  9 were 
utilized  to  determine  an  overall  average  shape  parameter  for  each  temperature  and 
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Percent  F^y  at  Room  Temperature  Percent  F^-y  at  Room  Temperature 


100 


FIGURE  42.  WORKING  CURVE  SHOWING  EFFECT  OF  TEMPERATURE 
ON  COMPRESSIVE  YIELD  STRENGTH  (F^y)  OF 
15-5PH  (H1025) , STAINLESS  STEEL  BAR 


FIGURE  43.  WORKING  CURVE  SHOWING  EFFECT  OF  TEMPERATURE 
ON  COMPRESSIVE  YIELD  STRENGTH  (Fey)  OF 
15-5PH  (111150)  STAINLESS  STEEL  BAR 
92 
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Temperature,  F 


FIGURE  44.  WORKING  CURVE  SHOWING  EFFECT  OF  TEMPERATURE 
ON  COMPRESSIVE  MODULUS  (E^)  of  15-5PH 
STAINLESS  STEEL 
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grain  direction  as  shovm  in  Tables  39  and  40.  A minimum  of  three  heats  were  used 
for  these  determinations  in  accordance  with  the  requirements  of  Section  9. 3. 2. 2 
in  MIL-HDBK-5. 

Using  the  Ramberg-Osgood  equation. 


e = e -f-  e 

total  elastic  plastic 


^total  E 


where  e^  ^ , 
total 

f 

k 

E 

n 

since 


substituting 


total  strain 

stress 

constant 

modulus  of  elasticity 
Ramberg-Osgood  parameter, 


e , 

plastic 


= plastic  _ 0 . 002 
TYS"^ 


e = I + Q«0Q2f 

E TYS" 


A computer  program  was  utilized  to  plot  typical  stress-strain  curves  using  typical 

values  for  E^,  n,  and  CYS.  For  the  H1025  condition,  the  typical  compressive  yield 

strength  was  computed  as  the  product  of  the  typical  room  temperature  tensile  yield 

CYS  143 

strength,  165  ksi,  from  Reference  12  , the  ratio  of  from  MlL-HDBK-5 

Table  2.5.6.0(c)  and  the  percentage  from  the  elevated  temperature  compressive 
yield  strength  curve  in  Figure  45.  The  typical  compressive  moduli  were  based  on 
the  typical  room  temperature  compressive  modulus  from  MIL-HDBK-5  Table  2.5.6.0(c) 


(12)  ’’Armco  15-5PH  VAC  CE  Precipitation-Hardening  Stainless  Steel  Bar  and  Wire”, 
Armco  Product  Data  Bulletin  5-21b  (no  date). 
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TABLE  39.  DETERMINATION  OF  RAMBERG-OSGOOD  PARAMETERS 
FOR  LONGITUDINAL  COMPRESSIVE  STRESS-STRAIN 
CURVES  FOR  15-5PH  BAR  H1025 


Heat  No. 

Size, 

inches 

Reference 

RT 

400  F 

n 

700  F 

900  F 

3X0786 

5-1/2  rd. 

(1) 

21 

1W0516 

1-1/2  X 5 

— 

19 

18 

14 

12 

1W086I 

• 1-1/2  X 7.7 

— 

20 

16 

8 

8 

4X0780 

1-1/2  X 3 

— 

22 

16 

13 

12 

4W0370 

2x6 

(9) 

27 

22 

15 

11 

Average 

22 

18 

12 

11 

TABLE  40.  DETERMINATION  OF  ROOM  TEMPERATURE  OF  RAMBERG- 
OSGOOD  PARAMETERS  FOR  LONG  TRANSVERSE 
COMPRESSIVE  STRESS-STRAIN  CURVES  FOR  I5-5PH 
BAR  HI025 


Heat  No. 

Size, 

inches 

Reference 

n 

3X0786 

5-1/2  rd. 

(1) 

22 

1W0516 

1-1/2  X 5 

(1) 

20 

1W0861 

1-1/2  X 7.7 

(1) 

20 

4W0370 

2x6 

(9) 

19 

Average 

20 
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of  29.2  X 10^  ksi  and  the  percentage  from  the  elevated  temperature  compressive 
modulus  curve  in  Figure  47.  The  Ramberg-Osgood  parameters  were  taken  from  Tables 
39  and  40.  The  parameters  used  to  construct  the  compressive  yield  strength  curves 
for  the  H1025  condition  are  shown  in  Table  41. 

Similarly,  for  the  H1150  condition,  the  typical  compressive  yield 
strength  was  computed  as  the  product  of  the  typical  room  temperature  tensile  yield 
strength,  125  ksi,  from  Reference  12,  the  -^1  ratio  of  from  MlL-HDBK-5 
Table  2.5.6.0(c)  and  the  percentage  from  the  elevated  temperature  compressive  yield 
curve  in  Figure  46.  The  typical  compressive  moduli  were  based  on  the  typical  room 
temperature  compressive  modulus  from  MIL-HDBK-5  Table  2.5.6.0(c)  of  29.2  x 10^ 
ksi  and  the  percentage  from  the  elevated  temperature  compressive  modulus  curve  in 
Figure  47.  The  Ramberg-Osgood  parameters  were  taken  from  Tables  42  and  43.  The 
parameters  used  to  construct  the  compressive  yield  strength  curves  for  the  H1150 
condition  are  shown  in  Table  44. 

Compressive  tangent  modulus  curves  were  also  constructed  utilizing  the 
above  parameters  and  the  following  equation: 


^ + nKf"'^ 
E 


where  tangent  modulus  is  the  first  derivative  of  stress  with  respect  to  strain, 
df/de.  Compressive  stress-strain  and  tangent  modulus  curves  for  both  the  H1025 
and  H1150  conditions  are  shown  in  Figures  48  and  49.  Existing  MIL-HDBK-5 
Figure  2.5.6.1.6(b)  has  been  replaced  with  new  Figure  50. 


— ^oom  temperature  F^^^  and  F^^^  values  for  H1150  condition  as  well 
as  new  bearing  values  for  H1025  condition  have  been  established.  MIL-HDBK-5 
Table  2.5.6.0(c)  has  been  revised  as  shown  in  Table  45  to  include  these  data. 
Elevated  temperature  compressive  yield  strength  curves  for  the  H1025  and  H1150 
conditions  and  elevated  temperature  tensile  and  compressive  moduli  have  been 
constructed  as  shown  in  Figures  45  through  46.  Room  and  elevated  temperature 
longitudinal  compressive  stress-strain  and  tangent  modulus  curves  have  been 
constructed  for  H1025  and  H1150  conditions,  Figures  48  and  49.  Room  temperature 
long  transverse  compressive  s tress -s train  and  tangent  modulus  curves  were  also 
established  in  Figure  50. 
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TABLE  41.  PARAMETERS  FOR  CONSTRUCTION  OF  TYPICAL  COMPRESSIVE 
STRESS-STRAIN  AND  TANGENT  MODULUS  CURVES  FOR  15-5PH 
H1025  CONDITION 


Test  Compressive  Yield  Ramberg-Osgood 

Temperature,  Strength,  Parameter, 

F ksi  n 


Compressive 
Modulus , 
ksi  X 10^ 


Longitudinal 


RT 

163 

22 

29.2 

400 

140 

18 

28.0 

700 

125 

12 

26.3 

900 

107 

11 

24.2 

Long  Transverse 

RT 

163 

20 

29.2 

TABLE  42.  DETERMINATION  OF  RAMBERG-OSGOOD  PARAMETERS  FOR 
LONGITUDINAL  COMPRESSIVE  STRESS-STRAIN  CURVES 
FOR  I5-5PH  BAR  HI 150  CONDITION 


Heat  No. 

Size , 
inches 

Reference 

RT 

400  F 

n 

700  F 

900  F 

3X0786 

5-1/2  rd. 

(1) 

5.9 

5.4 

5.8 

8.3 

1W05 16 

1-1/2  X 5 

- 

9.0 

16.0 

15.0 

14.0 

1W0861 

1-1/2  X 7.7 

(1) 

9.6 

- 

- 

- 

4X0780 

1-1/2  X 3 

- 

9.0 

21.0 

15.0 

10.0 

3W0523 

5/8  X 2 

(1) 

8.6 

8.5 

6.3 

5.6 

3X0687 

5/8  X 2 

(1) 

9.2 

21.0 

18.0 

12.0 

Average 

8.5 

14.4 

12.0 

10.0 

TABLE  43.  DETERMINATION  OF  ROOM  TEMPERATURE  OF  RAMBERG-OSGOOD 
PARAMETER  FOR  LONG  TRANSVERSE  COMPRESSIVE  STRESS- 
STRAIN  CURVES  FOR  15-5PH  BAR  H1150 


Heat  No. 

Size, 

inches 

Reference 

n 

3X0786 

5-1/2  rd. 

(1) 

5.2 

1W0516 

1-1/2  X 5 

(1) 

10.0 

1W0861 

1-1/2  X 7.7 

(1) 

8.3 

7.8 

TABLE  44.  PARAMETERS  FOR  CONSTRUCTION  OF  TYPICAL  COMPRESSIVE 
STRESS-STRAIN  AND  TANGENT  MODULUS  CURVES  FOR 
15-5PH  BAR,  H1150  CONDITION 


Test 

Temperature , 

F 

Compressive  Yield  Ramberg-Osgood 

Strength,  Parameter, 

ksi  n 

Compressive 
Modulus , 
ksi  X 10^ 

Longitudinal 

RT 

121 

8.5 

29.2 

400 

114 

14 

28.0 

700 

104 

12 

26.3 

900 

92 

10 

24.2 

Long  Transverse 

RT 

121 

7.8 

29.2 
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TABLE  45.  PROPOSED  MIL-HDBK-5  TABLE  2, 5. 6. 0(c) 


Table  2.5.G.0(c).  Design  Mechanical  and  Physical  Properties  of  15-5  PlI  Stainless  Steel 
(Bars  and  Forgings) 


Specification 

AMS  5G59 

Form 

Bars  and  for^incs 

Condition 

H900 

H925 

111025 

H1075 

HllOO 

H1150 

H1150.M 

Thickness  or  diameter,  in. 

< 12 

< 12 

< 12 

< 12 

< 12 

< 12 

< 12 

Basis 

S 

S* 

S* 

S* 

S* 

S' 

S' 

Mechanical  properties: 

Flu , ksi: 

L 

190 

170 

155 

145 

140 

135 

115 

T 

190 

170 

155 

145 

140 

135 

115 

, ksi: 

L 

170 

155 

145 

125 

115 

105 

75 

T 

170  • 

155 

145 

125 

115 

105 

75 

Ft, , ksi: 

L 

. . . 

« . . 

143 

• • • 

... 

99 

T 

143 

. . . 

. * • 

99 

• • • 

, ksi 

. . . 

. . . 

97 

• . * 

85 

Fin  ^ksi : 

(e/D  = 1.5) 

• • • 

• • f 

263 

230 

(e/D  = 2.0) 

. • * 

• • • 

332 

293 

F ,^si : 

(e/D  = 1.5) 

. . . 

• • • 

211 

166 

(e/D  = 2.0) 

. . . 

250 

. . . 

• • • 

201 

e,  percent: 

L 

10 

10 

12 

13 

14 

16 

18 

T 

6 

7 

8 

9 

10 

11 

14 

i;,  10’ ksi  

28.5 

jEf,  lO^ksi  

29.2 

G.  10’  ksi  

11.2 

M 

0.272 

Physical  i)ropcrtics: 

<*) , Ib/in.^ 

0.283 

C.  Btu/(lb)(F) 

K,  Btu[(hr){fl’)(F)/ft] 

See  Figure  2.5. 6.0 

a,  10'«in./in./F 

See  Figure  2.5 

.G.O 

*Only  iho  IIOOO  conditi'iii  is  i)rcsently  covered  by  AMS  5659.  Properties  for  other  conditions  reflect  producers  guaranteed 
minimum  tensile  properties. 

^Bearing  values  are  "dry  pin"  values  per  Section  1. 4.7.1. 
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Percent  F^y  at  Room  Temperature  Percent  F^y  at  Room  Temperature 


FIGURE  2. 5. 6. 2. 2.  Effect  of  temperature  on  the  compressive 

yield  strength  (Fey)  of  15-5PH  (H1025) 
stainless  steel  bar. 

FIGURE  45.  PROPOSED  MIL-HDBK-5  FIGURE  2. 5. 6. 2. 2. 


FIGURE  2. 5. 6. 3. 2.  Effect  of  temperature  on  the  compressive 

yield  strength  (F^y)  of  15-5PH  (H1150) 
stainless  steel  bar. 

FIGURE  46.  PROPOSED  MIL-HDBK-5  FIGURE  2. 5. 6. 3. 2. 
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FIGURE  2. 5. 6. 1.4.  Effect  of  temperature  on  the  tensile  and 

compressive  moduli  (E  and  E^)  of  15-5PH 
stainless  steel. 

FIGURE  47.  PROPOSED  MIL-HDBK-5  FIGURE  2. 5. 6. 1.4. 
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0 2 4 6 8 10  12 

Strain,  O.OOl  in. /in. 


0 5 10  15  20  25  30 

Compressive  Tangent  Modulus,  10^  ksi 

FIGURE  2.5.6.2.6(a),  Typical  compressive  stress-strain  and  tangent-modulus 

curves  at  various  temperatures  for  15-5PH  (H1025) 
stainless  steel  bar. 

FIGURE  48.  PROPOSED  MIL-HDBR-5  FIGURE  2.5.6.2.6(a) 
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I I I I I I I 

0 5 10  15  20  25  30 

Compressive  Tangent  Modulus,  10^  ksi 


FIGURE  2.5.6.3.6(a).  Typical  compressive  stress-strain  and  tangent-modulus 

curves  at  various  temperatures  for  15-5PH  (H1150) 
stainless  steel  bar. 


FIGURE  A9.  PROPOSED  MIL-llDBK-5  FIGURE  2.5.6.3.6(a) 
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0 5 10  15  20  25  30 

Compressive  Tangent  Modulus,  10^  ksi 

FIGURE  2.5.6.1.6(b).  Typical  compressive  stress-strain  and  tangent-modulus 

curves  at  room  temperature  for  various  heat-treated 
conditions  of  15-5PH  stainless  steel  bar. 

FIGURE  50.  PROPOSED  MIL-HDBK-5  FIGURE  2.5.6.1.6(b) 
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Threshold  AK  and  Low  da/dN  Evaluations 


Background — The  presentation  of  fatigue  crack  growth  rate  data  as  AK 
versus  da/dN  requires  the  generation  and  presentation  of  threshold  AK  and  low 
da/dN  behavior  data.  These  data  should  also  span  cyclic  stress  ratios,  R, 
typical  of  fatigue  loadings  imposed  on  aerospace  structures.  In  this  initial 
program,  three  new  aluminum  alloys  or  heat  treatments  were  selected  for  eval- 
uation. These  alloys  were  7075-T7351,  7475-T7351,  and  2124-T851.  The  generated 
data  were  to  be  presented  in  a form  comparable  with  MIL-HDBK-5  guidelines  for 
fatigue  crack  growth  rate  data  presentation^^^^ . In  addition,  the  "tail-end" 
data  points  of  the  low  da/dN  behavior  were  to  tie-in  with  the  intermediate  data 
for  these  alloys  as  presented  in  Reference  14.  • 

Test  Plan  The  test  plan  and  experimental  matrix  were  constructed  to 
evaluate  low  da/dN  behavior  at  R ratios  of  0.500,  0.250,  and  0.100.  The 
variation  of  threshold  AK  with  R ratio  was  also  to  be  evaluated.  The  following 
table  describes  the  experimental  variables  of  the  test  plan  for  seven  specimens 
of  each  aluminum  alloy. 

TABLE  46.  TEST  PLAN 


Specimen 

Numbers 

R Ratio 

Data  Generated 

1,  2,  3 

0.500,  0.250, 
0.100 

A^th  3nd  low  da/dN 

4 

0.500,  0.250, 
0.100 

AKth  verification 

5,  6,  7 

0.500,  0.250, 
0.100 

Intermediate  da/dN 

(13)  Item  74-14,  "Guidelines  for  Presentation  of  Fatigue  Crack  Propagation 
Data",  Proposal  attached  to  52nd  MIL-HDBK-5  Meeting  Agenda,  April  1976. 

(14)  "Damage  Tolerant  Design  Handbook",  Battelle  MCIC-HB-01. 
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Materials — The  aluminum  alloy  7075-T7351  plate  was  originally  purchased 
from  Alcoa  as  7075-T7651.  The  material  was  aged  to  the  T7351  condition.  Speci- 
mens were  fabricated  from  the  remaining  material  used  in  another  BCL  program  as 
reported  in  Reference  15.  Aluminum  alloy  7475  plate,  as  used  in  the  F-16  lower 
wing  skins,  was  received  in  the  T7651  condition  from  General  Dynamics.  The  25  x 
48  X 0.520-inch  section  was  cut  from  Alcoa  plate  170-096  and  heat  treated  to  the 
T7351  condition  by  aging  at  350  F for  3^  hours.  The  2124-T851  plate,  as  used  in 
the  F-16  wing  carry-through  bulkheads,  was  received  in  a section  size  of  36  x 
16  x 5.5  inches  from  General  Dynamics.  The  parent  plate  identification  is  Alcoa 
plate  448-131.  All  materials  were  supplied  at  no  cost  to  the  contract. 

Specimen  Configurations- — Four  specimen  configurations  were  utilized  in 
this  experimental  phase  to  generate  da/dN  data  at  the  low  and  intermediate  ranges. 
These  specimen  configurations  are  shown  in  Figures  A-9  and  A- 10  of  Appendix  A. 

The  specimen  configurations  were  multiflawed  through-the-thickness  center  crack 
panels.  The  two  specimen  widths  of  6.0  inches  and  4.0  inches  were  selected  for 
low  and  intermediate  da/dN  testing  in  a 25  kip  electrohydraulic  fatigue  machine. 
The  7075-T7351  and  7475-T7351  panels  were  of  the  configuration  as  shown  in 

A-9  with  four  cracks.  The  2124-T851  panels  were  of  the  configurations 
as  shown  in  Figure  A-10  with  three  cracks.  The  cracks  were  initially  sharp, 
diamond  shaped  flaws,  0.625  inches  long  and  equally  spaced  at  a distance  to 
avoid  interaction  of  fatigue  crack  growth  behavior  and  associated  crack  tip 
stress  fields. 

The  7075-T7351  and  7475-T7351  panels  were  of  LT  direction,  whereas 
the  2124-T851  panesl  were  of  TL  direction.  The  first  four  panels  (0.500  inch 
thickness)  of  2124-T851  for  low  da/dN  testing  were  fabricated  from  the  quarter 
thickness  area  of  the  original  5.5  inch  thick  plate.  The  three  panels  for 
intermediate  da/dN  testing  were  fabricated  from  the  surface  thickness  area. 

Fatigue  Crack  Propagation  Results  and  Discussion — The  fatigue  crack 
propagation  test  results  of  each  panel  for  each  aluminum  alloy  are  presented  in 
tabular  and  graphical  form.  The  crack-length-cycles  data  are  presented  in 


(15)  Feddersen,  C.  E. , and  Hyler,  W.  S.,  "Fracture  and  Fatigue-Crack- 

Propagation  Characteristics  of  7075-T7351  Aluminum  Alloy  Sheet  and  Plate", 
Battelle  Report  G-8902  to  NADC,  March  1970. 
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Appendix  C.  In  each  table  is  also  shown  the  fatigue  crack  growth  rate  and 
stress  intensity  level  calculations.  Each  table  contains  data  for  a given  R 
ratio  with  both  the  low  and  intermediate  rates.  Data  for  7075-T7351  are 
presented  in  Tables  C-1,  C-2,  and  C-3.  The  data  for  747’5-T7351  are  presented 
in  Tables  C-4,  C-5,  and  C-6.  Tables  C-7  through  C-10  contain  data  for 
2124-T851. 

The  crack- length-cycles  data  at  each  R ratio  for  each  alloy  were 
plotted.  The  behavior  of  each  crack  is  shown  in  each  plot.  Fatigue  crack 
growth  rates  at  R = 0.500,  0.250,  and  0.100  for  7075-T7351  are  shown  in  Figures 
51  through  54.  The  behavior  curves  for  7475-T7351  are  shown  in  Figures  55 
through  58.  Figures  59  through  62  show  the  fatigue  crack  growth  behavior  for 
2124-T851  at  R = 0.500,  0.250,  0.100,  and  0.070. 

Fatigue  crack  propagation  rates,  at  each  R ratio  for  each  alloy  are 
presented  in  graphical  form  according  to  MIL-HDBK-5  guidelines  of  Reference  13. 
All  data  points  have  been  presented  in  the  unscreened  form.  Figures  63,  64, 
and  65  show  the  AK  versus  da/dN  data  for  7075-T7351.  The  data  for  7475-T7351 
are  shown  in  Figures  66,  67,  and  68.  Figures  69,  70,  and  71  show  the  AK 
versus  da/dN  data  for  2124-T851  at  R = 0.500,  0.250,  and  0.100. 

The  stress  intensity  level  of  each  crack  was  determined  by  the  center- 
cracked  formula  with  the  secant  finite  width  correction.  That  is, 

AK  = Aa^rra  [sec  ^ 

Corresponding  plotted  da/dN  values  were  those  determined  from  the  three-point 
divided  difference  method.  The  curves  in  each  set  of  data  are  the  average  be- 
havior lines  drawn  through  the  data.  No  attempts  were  made  to  fit  a fatigue 
crack  growth  rate  equation  to  the  rate  behavior. 

Composite  plots  of  the  low  and  intermediate  da/dN  data  for  each  R 
ratio  are  presented  in  Figures  72,  73,  and  74.  The  effect  of  the  R ratio  is 
less  pronounced  in  the  region  of  low  da/dN. 

The  threshold  AK  determination  was  quite  complex.  At  each  R ratio 
the  data  was  analyzed  to  determine  the  threshold  AK  for  that  test.  A summary 
of  the  AKf-h  values  are  shown  in  Table  47.  The  method  of  selection  of  the 


(13)  Item  74-14,  op.cit. 
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Crack  Length,  2a,  inches  Crack  Length,  2a,  inches 


Cycles  X 10® 


FIGURE  51.  CRACK  LENGTH-CYCLES  BEHAVIOR  FOR  7075-T7351  AT 
R = 0.500 
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Crack  Length,  2a,  inches  Crack  Length,  2a,  inches 


6 


5 

4 


O Flaw  I 
□ Flaw  2 
A Flaw  3 
O Flaw  4 


Specimen  3 


3 


2 

I 

O' 1 1 1 1 I 

12.1  12.6  13.1  13.6  14.1  14.6 


Cycles  X 10® 


FIGURE  52.  CRACK  LENGTH-CYCLES  BEHAVIOR  FOR  7075-T7351  AT 
R = 0.250 
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Crack  Length,  2a,  inches  Crack  Length,  2a,  inches 


6 


O 

□ 

A 


Flaw  I 
Flaw  2 
Flaw  3 


Specimen  2 


0.38  0.48 


0.58  0.68  0.78 

Cycles  X 10® 


0.88 


0.98 


FIGURE  53.  CRACK  LENGTH-CYCLES  BEHAVIOR  FOR  7075-T7351  AT 
R = 0.100 
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FIGURE  54.  CRACK  LENGTH-CYCLES  BEHAVIOR  FOR  7075-T7351  AT 
R = 0.500,  0.250,  0.100  (ADDITIONAL  DATA) 
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Crack  Length,  2a,  inches  Crack  Length,  2a,  inches 


Cycles  X 10® 


FIGURE  55.  CRACK  LENGTH-CYCLES  BEHAVIOR  FOR  7475-T7351  AT 
R = 0.500 
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Crack  Length,  2a,  inches  Crack  Length,  2a,  inches 
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O I Specimen  2 

□ Flaw  2 
A Flaw  3 
O Flaw  4 


1.4  2.4  3.4  4.4  5.4  6.4  7.4  8.4 

Cycles  X 10® 


FIGURE  56.  CRACK  LENGTH-CYCLES  BEHAVIOR  FOR  7475-T7351  AT 
R = 0.250 
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Crack  Length,  2a,  inches  Crack  Length,  2a,  inches 
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□ Flaw  2 
A Flaw  3 
O Flaw  4 
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O • Specimen  5 

□ Flaw  2 


0 0.05  0.10  0.15  0.20  0.25  0.30  0.35  0.40 
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FIGURE  57.  CRACK  LENGTH-CYCLES  BEHAVIOR  FOR  7475-T7351  AT 
R = 0.100 
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FIGURE  58.  CRACK  LENGTH-CYCLES  BEHAVIOR  FOR  7475-T7351  AT 

R = 0.100,  0.070,  0.250,  0.500  (ADDITIONAL  DATA) 
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FIGURE  59.  CRACK  LENGTH-CYCLES  BEHAVIOR  FOR  2I24-T851  AT 
R = 0.500 
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Crack  Length,  2a,  inches  Crack  Length,  2a,  inches 
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□ Flaw  2 
A Flaw  3 


Specimen  2 
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22.2  24.2 
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FIGURE  60,  CRACK  LENGTH-CYCLES  BEHAVIOR  FOR  2124-T851  AT 
R = 0.250 
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Crack  Length,  2a,  inches  Crack  Length,  2a,  inches 
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FIGURE  61.  CRACK  LENGTH-CYCLES  BEHAVIOR  FOR  2124-T851  AT 
R = 0.100 
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FIGURE  62.  CRACK  LENGTH-CYCLES  BEHAVIOR  FOR  2124-T851  AT 
R=  0.500,  0.250,  0.100  (ADDITIONAL  DATA) 
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Fatigue  Crack  Propagation  Rate,  da/dN,  in./cycie 


10  iOO  400 
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Stress  intensity  Factor  Range,  AK,  ksi-in. 


FIGURE  63.  FATIGUE  CRACK  GROWTH  RATE  FOR  7075-T7351  AT 
R = 0.500 
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Fatigue  Crack  Propagation  Rate,  da/dN,  In./cycie 


iO' 


,-2 


iO‘ 


,-3 


iO 


-4 


iO' 


r5 


IO 


r6 


IO 


r7 


IO 


,-8 


IO 


-9 


IO 


.-'IO 


IO 


Stress  Intensity  Factor  Range,  AK,  ksi-ln. 
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FIGURE  64.  FATIGUE  CRACK  GROWTH  RATE  FOR  7075-T7351  AT 
R = 0.250 
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Fatigue  Crack  Propagation  Rate,  da/dN,  In./cycle 
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FIGURE  65,  FATIGUE  CRACK  GROWTH  RATE  FOR  7075-T7351  AT 
R = 0.100 
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Fatigue  Crack  Propagation  Rate,  da/dN,  In./cycle 
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FIGURE  66.  FATIGUE  CRACK  GROWTH  RATE  FOR  7475-T7351  AT 
R = 0.500 
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Fatigue  Crack  Propagation  Rate,  da/dN,  in./cycle 
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FIGURE  67.  FATIGUE  CRACK  GROWTH  RATE  FOR  7475-T7351  AT 
R = 0.250 
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Fatigue  Crack  Propagation  Rate,  da/dN,  in./cycie 


FIGURE  68.  FATIGUE  CRACK  GROOTH  RATE  FOR  7475-T7351  AT 
R = 0,100 
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Fatigue  Crack  Propagation  Rate,  da/dN,  in./cycle 


FIGURE  69.  FATIGUE  CRACK  GROOTH  RATE  FOR  2124-T851  AT 
R = 0.500 
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Fatigue  Crack  Propagation  Rate,  da/dN,  in./cycie 
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FIGURE  70.  FATIGUE  CRACK  GROWTH  RATE  FOR  2124-T85I  AT 
R = 0.250 
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Fatigue  Crack  Propagation  Rate,  da/dN,  in./cycle 
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FIGURE  71.  FATIGUE  CRACK  GROWTH  RATE  FOR  2124-T851  AT 
R = 0.100 
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Fatigue  Crack  Propagation  Rote,  da/dN,  in./cycie 


FIGURE  72.  KAIiguE  CRACK  GROWTH  RATE  FOR  7075-T7351  AT 
VARIOUS  R RATIOS 


130 


Fatigue  Crack  Propagation  Rote,  da/dN,  in./cycie 


FIGURE  73.  FATIGUE  CRACK  GROOTll  RATE  FOR  7475-T7351  AT 
VARIOUS  R RATIOS 
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Fatigue  Crack  Propagation  Rate,  da/dN,  In./cycle 


FIGURE  74.  FATIGUE  CRACK  GROWTH  RATE  FOR  2124-T851  AT 
VARIOUS  R RATIOS 
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table  47.  RESULTS  OF  THRESHOLD  AK 
IN  HUMID  ENVIRONMENT 


Alloy  and  Heat 
Treatment 

R ratio 

AKth 

ksi^/Ln 

Type^^' 

Growth 

7075-T7351 

0.10 

4.026 

A 

0. 10 

2.008 

C 

0.25 

1.983 

A 

0.25 

1.665 

C 

0.50 

1.608 

A 

0.50 

1.110 

C 

7475-T7351 

0. 10 

3.583 

A 

0.25 

2.397 

A 

0.25 

2.270 

C 

0.50 

1.709 

A 

0.50 

1.537 

B 

2124-T851 

0.10 

3.112 

A 

0. 10 

3.520 

A 

0.10 

2.876 

C 

0.25 

1.952 

A 

0.25 

2.200 

C 

0.50 

1.703 

A 

0.50 

1.528 

B 

0.50 

1.399 

C 

(3)a  = Lowest  AKj-[^  of  multiple  cracks  during 
initial  growth. 

B = Lowest  of  multiple  cracks  which 

showed  growth  during  prior  cycling, 

C = Lowest  from  verification  specimen. 
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^th  described  as  follows.  A type  of  growth  either  A,  B,  or  C designation 
was  given  to  the  selected  value  of  The  A designation  indicates  the  AK^h 

value  which  was  the  lowest  of  the  multiple  cracks  during  the  first  panel  test 
at  a given  R ratio.  The  B designation  refers  to  the  AKj-j^  value  which  showed 

slight  growth  during  the  prior  cycling  at  a lower  maximum  stress  level.  If 

growth  did  not  occur,  a B designation  was  omitted.  The  C designation  refers  to 
the  value  as  determined  by  the  fourth  panel  testing  which  was  the  verifi- 

cation or  make-up  test  to  further  define  the  AK^,^  at  a given  R ratio.  The 
^^th  values  established  by  this  selection  are  for  a humid  environment  which 
could  be  affected  slightly  by  the  fatigue  crack  precracking  in  laboratory  air. 
Therefore,-  the  lower  bound  of  AK^j,  data,  at  a given  R ratio,  should  be  selected 
as  the  AK^i^  in  95  percent  or  higher  humidity  environment. 

A summary  graph  of  the  results  for  each  alloy  is  presented  in  Figure  75. 
It  has  been  shown  in  Reference  16  that  AK^j^  versus  R data  can  be  fitted  to 

AK  = C(l-R^),  where  C is  material  and  environmental  dependent.  The  curves 

shown  in  Figure  75  are  fitted  to  the  lower  bound  AK^h  value  for  each  alloy. 

Summary — ^Fatigue  crack  propagation  data  has  been  presented  for  three 
aluminum  alloys,  7075-T7351,  7475-T7351,  and  2124-T851,  in  95  percent  or  higher 
humidity  environment  at  R = 0.500,  0.250,  and  0.100.  Fatigue  crack  growth  rate 
^ata  were  generated  in  the  low  rate  region  of  propagation  where  da/dN  = 10"^  to 
10"®  inches/cycle  and  additional  da/dN  data  were  generated  to  fill  the  gap 
between  the  low  da/dN  data  and  the  data  in  the  Damage  Tolerant  Design  Handbook. 

The  resulting  da/dN  data  covered  a range  from  10  to  10  ^ inches/cycle. 

Threshold  cyclic  stress  intensity  levels,  AKj-^,  were  determined  for  each  alloy 
and  R ratio  in  95  percent  or  higher  humidity  environment.  An  average  fit  of 
t^le  lower  bound  of  AKj-j^  versus  R was  determined. 

Recommendations — With  this  additional  fatigue  crack  propagation  data, 
it  is  recommended  that  complete  AK-da/dN  curves  at  various  R ratios  for  7075- 
T7351,  7475,T7351,  and  2124-T851  be  proposed  for  inclusion  in  MIL-HDBK-5. 


(16)  Grandt,  A.  F. , and  Gallagher,  J.  P. , "Proposed  Fracture  Mechanics 

Criteria  to  Select  Mechanical  Fasteners  for  Long  Service  Lives",  ASTM 

STP  559,  1974. 
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FIGURE  75.  VARIATION  OF  THRESHOLD  AK  WITH  R RATIO  FOR  ALUMINUM  ALLOYS  EVALUATED 
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APPENDIX  A 


SPECIMEN 


CONFIGURATIONS 
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FIGURE  A-1.  SUBSIZE  ROUND  TENSILE  SPECIMEN 


FIGURE  A-2.  ROUND  TENSILE  SPECIMEN 
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0.100 


e/D  of  1.5  a=.375  Note:  All  dimensions 

e/D  of  2.0  a=.500  in  inches 

FIGURE  A-3.  BEARING  SPECIMEN 
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Note:  Grind  or  machine  ends  of  specimen  so  that  ends  of  specimen 
shall  be  plane  and  perpendicular  to  the  axis  of  the  specimen 
within  0.25  degree.  The  ends  shall  be  parallel  within  0.0005". 

FIGURE  A-4,  ROUND  COMPRESSION  SPECIMEN 


FIGURE  A-5.  SHEET  TENSILE  SPECIMEN  - 1"  GAGE  LENGTH 
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0 500 


±001 


± 002 ' 


Four  90°  V notches,  OOlO"  deep 


Notes;  I.  Ends  must  be  flat  and  parallel  to 
within  00002". 

2.  Surface  must  be  free  from  nicks 

and  scratches.  a-i5I6 


FIGURE  A- 6.  SHEET  COMPRESSION  SPECIMEN 


A-1520 


FIGURE  A-7.  SHEET  SHEAR  SPECIMEN 
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e/D  of  1.5  a=.375  Note:  All  dimensions 

e/D  of  2.0  a =.500  in  inches 


FIGURE  A-8.  SHEET  BEARING  SPECIMEN 


142 


®Io» 


FIGURE  A-9.  MULTIFLAW  CENTER-CRACK  PANEL  CONFIGURATIONS 
(45  INCHES  LONG) 
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FIGURE  A-10. 


MULTIFLAW  CENTER-CRACK  PANEL  CONFIGURATIONS 
(36  INCHES  LONG) 
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APPENDIX  B 

TEST  PROCEDURES 
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Tension 


Procedures  used  for  tension  testing  were  those  recommended  in  ASTM 
Method  E8  and  E21.  Depending  on  the  material,  the  specimens  were  either  the 
standard  round  or  pin- loaded  flat  type  as  recommended  in  E8 . Tensile  tests 
were  conducted  using  Baldwin  Universal  type  testing  machines.  These  machines  are 
calibrated  at  frequent  intervals  in  accordance  with  ASTM  Method  E4  to  assure  load- 
ing accuracy  to  within  0.2  percent.  The  machines  are  equipped  with  integral  auto- 
matic strain  pacers  and  autographic  strain  recorders. 

The  extensometers  used  conformed  to  ASTM  E83  classification  B1 
having  a sensitivity  of  0.0001  in. /in.  The  strain  rate  in  the  elastic  region 
was  mainteained  at  0.005  in. /in. /min.  After  yielding  occurred,  the  rate  was  in- 
creased to  approximately  0.1  in. /in. /min  until  fracture.  Ultimate  strength, 
yield  strength  (0.2  percent  offset),  elongation,  and  reduction  of  area  were  deter- 
mined. The  yield  strength  and  modulus  of  elasticity  were  determined  from  the  load- 
strain  curves.  Tensile  tests  were  conducted  at  room  temperature  only. 

Compression 

Procedures  for  conducting  compression  tests  conformed  to  ASTM  Method 
E9  along  with  the  temperature  control  provisions  of  E21.  Depending  on  the  material, 
the  specimens  were  either  cylindrical  or  flat  (sheet)  type.  Specimens  tested  at 
elevated  temperatures  in  the  Baldwin  Universal  testing  machines  were  heated  in 
standard  wire-wound  resistance- type  furnaces.  Each  furnace  was  equipped  with  a 
Foxboro  controller  capable  of  maintaining  the  test  temperature  to  within  5 F of 
the  control  temperature.  Chromel-Alumel  thermocouples  were  attached  to  the  speci- 
men gage  section  and  used  to  monitor  temperatures.  For  sheet  specimens,  thermo- 
couples were  approximately  1/16  inch  from  edge  of  specimen.  Each  specimen  was 
soaked  at  temperature  for  about  20  minutes  before  being  tested.  Extensometry 
and  strain  rates  were  similar  to  those  described  in  tension  testing  section. 
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The  compressive  yield  strength  (0.2  percent  offset)  and  compressive  modulus  of 
elasticity  were  derived  from  the  load-strain  curves. 


Shear 

Single  shear  sheet-type  specimens  were  used  for  shear  tests,  which 
were  performed  in  a Baldwin  Universal- type  testing  machine.  Shear  tests  were 
conducted  at  room  temperature  only. 


Bearing 

Bearing  tests  were  conducted  in  accordance  with  ASTM  Method  E238.  All 
bearing  tests  were  performed  in  e lectrohydraulic  servocontrolled  testing  machines. 
The  test  setup  is  shown  in  Figure  B-1.  Extensometry  has  been  removed  for  clarity. 
Deformation  of  the  bearing  hole  was  measured  with  a different ial- transformer  ex- 
tensometer  and  recorded  versus  load  with  a conventional  autographic  recorder.  The 
hardened  steel  bearing  pin  was  rotated  so  that  a new  bearing  surface  was  used  for 
each  specimen.  Prior  to  testing,  the  pins,  specimens,  and  fixture  were  ultra- 
sonically  cleaned  in  acetone.  After  cleaning,  white  gloves  were  used  in  the  handl- 
ing of  pins,  specimens,  and  fixtures.  Bearing  ultimate  strength  and  bearing  yield 
strength  (2  percent  of  pin  diameter  offset)  were  determined  from  the  load-strain 
curves.  Bearing  tests  were  conducted  at  room  temperature  only. 

Precision  Modulus 

Compressive  precision  modulus  (chord)  tests  were  conducted  at  room  tem- 
perature in  accordance  with  ASTM  Method  Elll  using  flat  (sheet)  type  compres- 
sion specimens.  These  tests  were  conducted  on  specimens  which  were  subsequently 
tested  to  determine  compressive  yield  strength  and  compressive  modulus  of  elas- 
ticity. A strain  gage,  micromeasurement  type,  was  mounted  on  the  two  edges  of  the 
specimens.  Loads  were  applied  using  a Baldwin  Universal- type  testing  machine  and 
strains  from  the  two  strain  gages  were  measured  over  a 1/8-inch  gage  length.  The 
average  of  the  strain  readings  from  the  two  gages  were  used  in  the  calculations. 
Three  runs  were  made  on  each  specimen  at  two  stress  intervals.  Specimen  area  cal- 
culations were  based  upon  specimen  measurements  to  the  nearest  0.0001  inch.  The 
average  of  at  least  three  area  measurements  within  the  gage  length  was  used  for  all 
calculations.  In  this  manner  the  chord  modulus  were  determined. 
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Fatigue -Crack -Propagation 


Each  of  the  multiflawed  center -cracked  panels  were  precracked  in  room 
air  environment  at  R = 0.0  prior  to  da/dN  data  generation.  Fatigue  cycling  at 
a predetermined  gross-area  stress  level  was  continued  until  cracks  had  initiated 
at  all  diamond  shaped  notches.  Following  precracking  the  high  humidity  environ- 
ment of  95  percent  relative  humidity  or  higher  was  applied  inside  a plexiglas 
chamber.  The  high  humidity  was  generated  by  passing  heated  air  through  a babbling 
water  reservoir.  The  fatigue  crack  growth  testing  was  conducted  at  a cyclic 
frequency  of  30  to  35  Hz  for  the  low  da/dN  and  6 to  30  Hz  for  the  intermediate 
da/dN.  The  maximum  cyclic  stress  level  was  maintained  constant  with  the  R ratio 
changed  to  the  test  level  of  0.10,  0.25,  or  0.50.  If  fatigue  crack  growth  did 
not  occur  within  a reasonable  number  of  cycles,  the  maximum  cyclic  stress  level 
was  increased  in  small  increments,  usually  250  psi,  until  the  precrack  started  to 
grow.  In  some  cases,  the  precrack  started  without  an  increase  in  stress  level. 
This  resulted  in  exceeding  the  threshold  AK  at  that  R ratio. 

The  fourth  panel  test  of  each  alloy  was  designed  as  a catch-up  or 
verification  test  of  threshold  AK.  Based  on  data  generated  by  the  other  panels, 
cycling  stress  levels  were  selected  to  measure  threshold  AK.  These  levels  were 
below  those  previously  tested  at  R = 0.50  Threshold  levels  were  then  determined 
at  that  maximum  cyclic  stress  level  at  R = 0.50  followed  by  R = 0.25  and  R = 0.10. 

The  4-inch  wide  panels  were  utilized  to  generate  da/dN  data  in  the 
intermediate  range.  In  order  to  cover  the  range  of  AK  = 4.0  to  10.0  ksi/in. , the 
da/dN  data  at  a given  R ratio  were  generated  in  steps  or  increments  with  increas- 
ing stress  ranges  due  to  limiting  load  capacity  of  the  machine  and  the  panel  crack 
size  and  width. 
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APPENDIX  C 

FATIGUE-CRACK-PROPAGATION  DATA 
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TABLE  C-1.  FATIGUE -CRACK-PROPAGATION  DATA  FOR  7075-T7351  AT  R = 0.500 


Sf'tCIrEN  NO.=  AL-1-1-.5  VIlLO  ST^tNGTH^ 


tC.4b  ThICKKESS= 


0.5JG  HIOThx 
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LCA0=  3. COO  STRESS  rvATIC=  C.6 
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c. 8591L-GD 

6 . L 25 

4.013 

l.b9t> 

7729^00. 

.t^CC 

.£♦00 

8.709 

4.354 

0.316 

.£♦00 

.£♦00 

3.0C3 

1.502 

w.  1018L-G6 

3.236 

1.619 

0.417 

1 OuOOOO  . 

0. 6266E-07 

0. 0266E-C  7 

3.472 

1.7  36 

l.  2 356c-C  7 

3.523 

1.762 

o«h4C 

2t0G00C  . 

j. 6bL4E-C7 

..7ll9E-j7 

3.574 

1.787 

0.  1137l-06 

3.763 

1.692 

0 .641 

26920bo  • 

0. It  llE-06 

C. 1C24E-C6 

3.992 

1. 996 

(.  . 6980£.-07 

4.168 

2.084 

b . b 3l 

3892000. 

0.  11C9E-CE 

0. 114HC.-C6 

4.343 

2.171 

t . 1 3566-Ofa 

4.562 

2.281 

C.  746 

*♦761  JOC  . 

G.  1672E-Gt 

C. 16266-06 

4.781 

2.  391 

0 . 1 9** *♦{:  - 0 6 

5.139 

2.570 

0.942 

575  1 JOC  . 

0.  1971E-C6 

0.19666-06 

5.498 

2.749 

0.201  2{. - 06 

5.740 

2.870 

l.w72 

63980Gu  . 

0. 2346E-CE 

0 . 24*44^-  C6 

5.983 

2.991 

0.2778L-0b 

6.2'0 

3. 125 

1.211 

6698000 . 

C . 35801 -G6 

o . 356Gt -06 

6.516 

3.259 

C. 43831  -u6 

6.973 

3.486 

1 . *4  3 W 

739*000. 

0. 59E9E-Cf 

G.6778L-C6 

7.428 

3.714 

C . 8364t -c6 

8.  101 

4.050 

1.707 

7729000 , 

.£♦00 

.£♦00 

8.774 

4.387 

NOTE: 

Simple  slope  (A)  ■ 

- Slope  between 

points  and  assigned 

to  point. 

Simple  slope  (P)  ■ 

- Slope  between 

points  and  assigned 

to  mld-polnt. 

Three-point -d ivided  difference  - 

considers  averaging 

of  three  adjacent 

points  for 

rate  calculation. 
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TABLE  C-1.  (CONTINUED) 


♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

BASIC  DATA  OA/ON  CALCULATIONS  OAMACf  PARAMETER 


A 

N 

SIHPLE 

simple 

Three  pt. 

KHAX 

DELTA  K 

I N • 

CYCLES 

SLCPL (A  1 

SLOPE (P) 

DIV.DIFF. 

•444444444444444444444444444444444444444444444444 

■44444444444444444444444^ 

U.  314 

• 

. CO 

• E^OC 

3.  uO  1 

1.501 

0 • 10  81E  *0  6 

3.250 

1.625 

1000000. 

0. 6285E-C7 

0 . E2b5t - 07 

3.498 

1.749 

0 . 1 765c.  “C  7 

3.536 

1.768 

3 • 4<«w 

2Gi.000C  . 

0.5795E-C7 

3.6283F -C7 

3.574 

1.787 

£ .1031E-06 

3.764 

1.882 

28^2000. 

u.  10  29E-0t 

C.1U29E -Ce 

3.955 

1.977 

t.  I 02  7t-C6 

4.155 

2.C78 

Q.bZb 

3092000 . 

0. l2e6E-06 

C.  1329L-CE 

4.350 

2.176 

w . 1 56  8t.  "t  6 

4.612 

2.306 

0.771 

4751^00. 

0.  1725E-Ce 

0.17CEE-06 

4.868 

2.434 

0.  ld<«3c  -06 

5.2C6 

2.604 

O.S5e 

575loC0. 

0. 2C  27E-0t 

u. 21281 -ce 

5.547 

2.774 

0.2312L-06 

5.827 

2.914 

1 . 1 C t 

639030C . 

0. 2767E-Cb 

0. 2900L-06 

6.  1C7 

3.053 

0. 335St-J6 

6.435 

3.218 

1.273 

6898000 . 

0. 47C1E-C6 

c . 47giE -oe 

6.764 

3.  382 

i;.oCL7c-L6 

7.43c 

3.715 

1.5)75 

7398000 . 

.E^CO 

.E«00 

6.097 

4.048 

SPECIMEN 

NC.=  AL-6-1A- 

.5  YIELD  STRENGTHS  64. 

47  ThICkN6SS= 

0.475  widths 

6.000 

specimen 

TVPE=CC,  MAXIMLM  stress  OR 

LCAQs  8.000 

stress  «atio= 

0.500 

0.437 

660C00  . 

.£♦00 

.£♦00 

9.50  J 

4.750 

0. 17256-05 

9.598 

4.799 

0.455 

6900  00  . 

0.15756-05 

0.  1575E-05 

9.696 

4.848 

0.1425F-05 

9.775 

4.888 

0.469 

7000  0C  . 

0. 1660E-C5 

0.16606-05 

9.o55 

4.928 

0.18956-05 

9.960 

4.980 

_05_488  _ 

7100  00  . 

0. 1745E-05 

10.065 

5.033 

0.1595E-05 

10.153 

5.076 

0.504 

7200  00  . 

0. 1845E-C5 

0. 18456-C5 

10 .24j 

5.123 

0.20956-05 

10.353 

5.177 

0.525 

730Q00  . 

0. 2262E-C5 

0.22626-05 

10  .hE  7 

5.233 

0. 24306-05 

10.596 

5.298 

_ 0,549 

7400  CO  • 

0. 2205E-05 

0. 22056-05 

10.726 

5.363 

0.198C6-C5 

1C  .830 

5.415 

0.569 

75  00  00  . 

0.2530E-C5 

0. 25306-05 

10.935 

5.467 

0.30806-05 

11.095 

5.547 

0.600 

7600  00  . 

0.3138E-05 

0. 31386-05 

11.255 

5.628 

G. 31956-05 

11.419 

5.710 

_5.63? 

770CO&. 

0.3440E-C5 

0. 34406- j5 

11 . 584 

5.792 

0. 3685t-C5 

11 .770 

5.885 

0.66  8 

780C  OC  . 

.£♦00 

. 6 ♦£  0 

11.96  7 

5.979 

0.510 

6800  00  . 

_ .£tPQ._  __ 

„ 

10.308 

5.154 

0.26856-05 

10.452 

5.226 

0.537 

6900  00  . 

0.1875E-05 

0. 18756-05 

10.597 

5.298 

0.10656-05 

10.65  3 

5.327 

0.547 

700COO. 

C.1497E-C5 

0. 1497E-C5 

10.710 

5.355 

0.19306-05 

10.812 

5.406 

0 ,567 

7100_00  . 

0.2168E-P5 

0. 216  76 -C 5 

Ic  .914 

5.457 

0.24056-05 

11.039 

5.52C 

0.591 

7200  00  . 

0.22076-05 

0. 22076-05 

11.165 

5.582 

0.20106-C5 

11.269 

5.634 

0.611 

7300  00  . 

0.2562E-C5 

0. 2562E-05 

11. 372 

5.686 

0.31156-05 

11.532 

5.  766 

_ 0,642  _ 

740000. 

0. 2898E-05 

0,28986-05 

11.691 

5.846 

0.26806-05 

11.827 

5.913 

0.669 

7500  00  . 

0. 2828E-05 

0. 28286-05 

11.962 

5.981 

0.29756-05 

12.112 

6.056 

0.699 

760CC0  • 

0.2887E-05 

0. 28876-05 

12.261 

6.131 

0.28006-05 

12.40 1 

6.200 

0.727 

7700  00  . 

0. 31926-05 

0. 31926-05 

12.540 

6.  270 

0.3585E-05 

12.718 

6.359 

0.762 

7800  00  . 

.E^OO 

.6^00 

12.896 

6.448 

^0,4J>9___ 

680000. 

•^♦00  _ _ 

.£^00 

9.854 

4.927 

0.1650E-05 

9.946 

4.973 

0.485 

6900  00  . 

0. 1657E-05 

0. 16576-05 

10.037 

5.0  19 

0.16656-05 

10.129 

5.064 

0.502 

700000. 

0.1662E-05 

0. 1662E-G5 

10.220 

5.^10 

0.16606-05 

10.310 

5.155 
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TABLE  C-1.  (CONTINUED) 


BASIC 

DATA 

0A70N  CALCULATIONS 

damage 

PARAMETER 

A 

N 

SIMPLE 

SIMPLE 

THREE  PT. 

kmax 

DELTA  K 

IN. 

CYCLES 

SLOPE (A» 

SLOPE(P) 

OIV.OIFF. 

♦♦♦♦♦♦♦♦♦ 

♦♦♦♦4****44* 

o.sia 

710000. 

0.1748E-05 

0.17^8E-05 

1D.4CO 

5.2CC 

0. 1635E-05 

10. <496 

5.249 

0.537 

720C00. 

0.192  3E-05 

0. 1923E-05 

10.597 

5.298 

0.2U10E-05 

10.70  3 

5.352 

0.557 

730000. 

0.2150E-05 

0. 2150E-C5 

10.610 

5.405 

0.2290E-05 

1C. 930 

5.465 

0.5S0 

740000. 

0.2316E-05 

__  0.2317L-05 

11.050 

5.525 

0.2345E-C5 

11.172 

5.586 

0.60  3 

750000. 

0.2370E-C5 

0.237CE-O5 

11.294 

5.647 

0.2395E-C5 

11.417 

5.7C8 

0.627 

760000. 

0.2557E-C5 

0.2557L-05 

11.54U 

5.77C 

0.2720C-C5 

11.676 

5.639 

0.65  4 

770000 . 

0.26C5E-05 

0.28C5E-L5 

11.816 

5.906 

0. 2890E-05 

11.962 

5.981 

0.663 

78OC00  . 

.E^OO 

.£♦00 

12.106 

6.054 

0.415 

66  00  00  . 

.E«00 

il^0J_ 

9.239 

4.620 

0.1855E-C5 

9.346 

4.673 

0.433 

690000 . 

0.1565E-05 

0. 15b5E-05 

9.454 

4.727 

0.1275C-05 

9.527 

4.763 

0.446 

700C00  . 

0.1662E-05 

C. 1662E-05 

9.599 

4.600 

0.2050E-05 

9.715 

4.657 

0.467 

710000 . 

0.2095E-05 

0. 2095E-05 

9.630 

4.915 

0.2140E-05 

9.94  9 

4.974 

0.486 

720C  00  . 

0.2235E-C5 

0. 2235E-05 

10.066 

5.C34 

0. 2330E-05 

10.195 

5.C97 

0.511 

730000. 

0.2368E-C5 

0. 2368L-05 

1C. 322 

5.161 

C.24C5E-05 

10.451 

5.226 

_ 0*535 

740C00. 

O.2e9eE-05 

0,2697E-C5 

10.561 

5.290 

0.2990E-C5 

10.739 

5.369 

0.565 

750C00. 

0.3027E-05 

0. 3027E-05 

1C . 897 

5.449 

0. 3065E-C5 

11.057 

5.529 

0.596 

760C30. 

0.3276E-C5 

0. 3278E-C5 

11.217 

5.608 

0.3490E-C5 

11.396 

5.698 

770000. 

C.3565E-C5 

0.3565L-C5 

11.576 

5.768 

0. 3640E-05 

11.761 

5.860 

0.667 

78  00  00  . 

.E*00 

.£♦00 

11.9h5 

5.973 

SPECIMEN 

NO.=  AL-6-1B-.5  YIELD  STRENGTHr  64.47  THICKNESS=  0. 

475  mIOTH 

= 4.000 

SPECIMEN 

TYFE=CC.  MAXihOH  STRESS  CR 

LOAD=  11.5C0 

STRESS  RATIOS  0.500 

0.672 

780  4 00,.. 

.E♦0Q 

.E^O 0 

^17.971 

6.986 

0.6e5  0E-y5' 

16.031 

9.0  16 

0.679 

781400. 

0.9400E-05 

0.6125E-05 

18.091 

9.045 

0. 1067E-04 

16.279 

9.  1 39 

0*700 

763400. 

0. 1056E-04 

0.  10566-04 

18.466 

9.233 

0. 1045E-04 

18.651 

9.325 

0.721 

78  54  0 0 . 

0.9963E-05 

0. 99636-05 

18.836 

9.418 

0.9475E-05 

19.0C5 

9.502 

0.740 

767400. 

0.1189E-04 

0.11896-04 

19.174 

9.587 

0. 1430E-04 

19.431 

9.716 

0.769 

789400 . 

0. 1490E-C4 

0. 1490E-04 

19.689 

9.644 

0.1550L-04 

19.972 

9.966 

_p.600. 

791403  . 

0.  1530E-04 

0.15306-04 

20.255 

10.126 

0.  1510E-04 

20.536 

10.268 

0.630 

793400. 

0. 1605E-04 

0. 1605E-C4 

20.617 

10.409 

0.  1700E-04 

21 . 14C 

10.570 

0 . 664 

7954C0  . 

0. ie21E-C4 

0. 17816-C4 

21.463 

10.731 

0. 1902t-C4 

22.023 

ll.C 11 

_5j921 

79840C. 

0.2238E-04 

0. 22366-C4 

22.562 

11.291 

0.2573L-04 

23.385 

11.693 

0.996 

60  1400  . 

J. 2933E-04 

0. 29336-04 

24.188 

12.C  94 

0. 3293E-C4 

25.313 

12.657 

1.097 

804400  . 

0. 3633E-04 

0.  4993E  -04 

26.439 

13.  220 

0.5333e-C4 

26.833 

1 3.4  17 

1.129 

6050  00  . 

.£♦00 

.£♦00 

27.227 

13.614 

760400  .. 

.£♦00 

.£_♦:&  0 

19.641 

9.620 

~“"0.9500E-05 

19.727 

9.663 

0.776 

761400. 

0.105e£-04 

0. 1C04E-C4 

19.813 

9.907 

0. 1112E-04 

20.017 

10.006 

0.798 

76  3400  . 

0. 1206E-04 

0. 1206E-04 

20.220 

10.110 

0.1300E-04 

20.462 

10.231 
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TABLE  C-1.  (CONTINUED) 


BASIC  DATA 


►♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

CAMAGE  PARAHETER 


A 

N 

simple 

SIMPLE 

THREE  PT. 

KHAX 

DELTA  K 

IN. 

CYCLES 

♦♦♦♦♦♦♦♦♦♦♦♦.♦♦ 

SLOPE  (A  ) 

SLOPE  «P» 

01 V.OIFF. 

Qmt2U 

765400. 

0. 1391E-04 

0.12916-04 

20.703 

10.351 

0.6<*9 

767400  . 

0. 1363L-04 

0.1355E-C4 

0. 1355E-04 

20.945 

21.166 

10.472 

10.593 

0.67ft 

789400. 

0.1437E-04 

0. 14646-04 

0. 14646-04 

31.461 

31.735 

10.7  30 
10.867 

0_.90  6 

791400  . 

0.  1500E-04 

0. 1726E-C4 

0. 17266-04 

22.029 

22.324 

11.015 

11.162 

0.9<*7 

7934J0. 

C.1953E-04 

0.1669E-04 

0. 16696-04 

22.718 

23.113 

11.359 

11.556 

0.963 

795400  . 

0. 17656-04 

0.2271E-04 

0. 21C96-L4 

23.485 
23.85  8 

11.743 

11.929 

1.061 

798400  . 

0.35956-04 

0.2774E-04 

0. 27746-04 

24.720 

35.581 

12.360 

13.791 

1.149 

80  1400  • 

0.3953E-04 

0.40646-04 

0. 4064E -04 

26.662 

27.744 

13.331 

13.872 

1.306 

80  440G  • 

0.5315E-04 

0.58566-04 

0 . 6416f -u4 

3 4 . u 2 9 
32.315 

15.015 

16.158 

1.360 

6050  00  . 

C. 90566-64 

.E^OC 

.£♦00 

33.268 

34.220 

16.6  34 
17.110 

0.667 

760400  . 

.£♦00  

1 8.236 

9.  119 

0.697 

781400. 

0.9600E-05 

0. 1025E-04 

0.  10036-04 

16.324 

18.411 

9.162 

9.205 

0.716 

783400  • 

0.1047E-04 

0.9537E-C5 

0. 95376-05 

18.596 

18.781 

9.298 

9.390 

_Q.7  3,6 

785400. 

0.6600E-05 

0.9437E-05 

0.9437E-C5 

16.934 

19.087 

9.4b7 

9.543 

0. 766 

787400  . 

0. 10366-04 

0. 1149E-C4 

0. 11496-04 

19. 271 
19.456 

9.6  36 

9.7  28 

0.761 

789400  • 

0.1270E-04 

0. 1271E-04 

0.  12716-^4 

19.686 

19.916 

9.843 

9.956 

0.60  7 

791400  . 

0.1272E-04 

0.  1 3526-04 

0. 13526-04 

20.150 

20 . 384 

10.075 

10.192 

0.63S 

793400  . 

0.  1433E-04 

0. 1492E-0H 

0. 1493E -04 

20.65 1 
20.919 

13. 326 
10.459 

0.666 

795400  . 

0. 1553E-04 

0.16756-04 

0. 16346-04 

21.214 

21.510 

10.607 

10.755 

_.0?919 

796400  . 

0. 1757E-C4 

0. 1922E-C4 

0. 19336-C4 

22.027 

22.544 

11.014 

11.272 

0.963 

60  1400  . 

0. 30676-04 

0.3347E-C4 

0. 33476-04 

23. 190 
33.835 

11.595 

11.917 

1.060 

604400  . 

0. 3606E-04 

0.2751E-04 

0. 33246-04 

34.7CC 

35.565 

12.350 
12.7  82 

1.C61 

6050  00  . 

0.34676-04 

.£♦00 

.£♦00 

25. 808 
36.051 

12.9C4 

13.025 

0.673 

760400  . 

,£♦00  

sEtOO 

17.985 

8.993 

0.14306-34 

16.110 

9.055 

0.667 

78  1400  • 

0.  1232E-0‘. 

0. 13266-04 

18.234 

9.  1 17 

0.710 

783400  . 

0. 11376-04 

0.  1331E-C4 

0. 13316-04 

18.434 

18.635 

9.217 

9.317 

_ P«740, 

7_85400  . 

0.  15356-C4 

0. 14196-04 

_ p. 1419E-04 

18.906 

19.177 

9.453 

9.589 

0.767 

787400  . 

0. 1313E-C4 

0. 1466E-04 

0. 14666-04 

19. 41 3 
19.650 

9.707 

9.825 

0.799 

789400  . 

0.16306-04 

0.  1744E-04 

0.  l7*.46-04 

19.946 

20.242 

9.973 

10.121 

0.636 

79140C  . 

0.16676-C4 

0,19eiE-aH 

0fl98U-04 

2U.59C 

20.937 

10.395 

10.469 

0.676 

793400  . 

0.20956-04 

0.22096-04 

0. 32091 -04 

21.338 
21. 739 

10.669 

10.869 

0.935 

79540C  . 

0. 23226-04 

0. 24766-04 

0.24251  -04 

32.198 

22.657 

11.099 

11.328 

1.003 

798400  . 

0.3576E-C4 

0.3396E-04 

0. 32966-04 

33.464 

24.271 

11.732 

12.136 

1.133 

801400. 

0.40136-04 

0.5736E-04 

0. 57266-04 

25.667 

27.063 

12.834 

13.532 

1.346 

604400  . 

C.7436t-C4 

.£♦00 

• £♦00 

30.378 

33.694 

15.189 
16. 847 
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TABLE  C-2.  FATIGUE -CRACK- PROPAGATION  DATA  FOR  7075-T7351  AT  R = 0.250 

spectmcn  N-..r  r.— o-  TflicKNEsr=- 

s^iSi  cflrio=  ^ 

DA/ON  CmLCULATIONS 

ry~  JHnEE  PT. 

_ _ __.  SLLO£(A)  SLOPc(F)  DIV.UIFF, 

0,  375  3, 


a.TCO  WIOTT^s 
.?5J 

OAHAGc  FAKAMtTbR 
DELTA  K 


6. 00  0 

♦ ♦♦f 


— 

w w t . U , 

,Ltj  J 

, t ♦ 0 0 

2.738 

2,054 

0,  ^01 

308*42000, 

: , ^•427  --C7 

C,42J9l-C  7 

0.  *4J24E-07 

2.7«r 
2.  837 

2,  92*,' 

3.  J 11 
3.175 
3,  259 

2.12  7 
2.193 

2»  2 y 8 

0,  hU9 

_ 31 6**s:  o: . 

C,6?96u-C  7 

0, b454c -C7 

0.5?1 

327521 

C,79-4-.--:7 

u.86^i 

-:-c  7 

0, 67p6:-:7 

2.351 

2 • % H w 

0,616 

33752000, 

i.,9r)^3-. -C7 

:,ii77, 

.-0  6 

0. 1195£-Cb 

3.418 

3,  S/t 

r.FETl 
2.682 
2.835 
2,98  8 
3.17*4 
3,361 

u , 7 u 6 

_’‘.o75.  . 

*>,l*4w7_-t6 

u ,1 >1  5; 

5-C6 

0. 15 J8c-:6 

- 3.7eC 
3.964 

A. 232 

4.  **  61 

u,  9w9 

3^6/5- JJ. 

-•lFi6t-(j6 

C,l99o: 

>06 

u , 2037c -Lb 

1,127 

c ,2  -**t l6 

t .2719; 

6 

0.3417C-J6 

4,620 

5,  16C 

5.  325 

5.  491 

176-15 

3.870 

3.994 

4.118 

1,  229 

3 6 6-.  i:c.. 

- ,37’'l.-  CF 

.£♦0  C 

.L^CO 

u,  3 64 

’C-7ol  JC, 

• c.  ♦•0  . 

. b ♦lO 

2.  77*4 

2,080 

0,  h?5 

3:6‘-2jwC. 

: .'^.“•ji-c7 

C •7*4S5t 

>«  7 

O.f  973c-07 

?7TOr“ 

2,  926 

2;i37 

0,  51^ 

_ ’ 1 9 w p : j , 

r.9.:jj:-  C7 

«.  929li: 

-U  7 

C, 9316L-C7 

3.0  6*, 

3.  2*.2 
3.365 

3 , S c 8 

2.194 

2.313 

2,432 

2.579 

2 # 3 ^ 0 

J,  633 

3 c 7 5 3 : , , , 

3 .9"" 3^-  .7 

1 10  ’£ 

-L  6 

0. iC69w-C6 

_ 

. .i2:^c-:e 

u , 1 *,2  61 

-w  F 

0,  Innlc— 06 

3.  723 

3.  919 
c.  15c 
•4.  3 B2 

4.  715 

5 , 0 nb 

2.792 

2.939 
3.113 
3.2  86 
3.536 
3.766 

._u^6_7_7 

3 *-6  /S.  V C • 

: .i>..i:  - ce 

C .19C  x£ 

t,  1 36lc  — c6 

1,  *.9? 

’•■o/p:  : :. 

'.21‘'1--:6 

c.7u?ll 

-C  b 

J. 3115. -Ob 

l,4-^2 

3c3”j-l  , 

, t.  ♦ c : 

, c ♦lO 

5 , b 5 6 

6.  2t6 

•♦  . ? n *4~ 

4.70  1 

0,  340 

iCJ/owCj. 

,Ffu. 

.Fn'O 

2 , 6 c 3 

1.952 

0,  3 61 

K 6w£.O0, 

0,?7t3t“:7 

0.3259c 

-0  7 

0, 3l?7c-:7 

:, 46625-07 

''.b3n5t.-C7 

?7bn4 

2.  664 

2.  75n 

2.  624 

2.  915 

3.  0 C7 

1.9‘al 

2.013 

2 . u 0 5 
2.11  6 
2.1  8 7 
2.255 

c, ’gs  __ 

0,  H-,  6 

_ 31 :: , 

327  ^?:  J.. 

3 , .)3  «♦.  - C7 

C • S3  o£  7 

C.6  97LL-:  7 

0,  530 

0 , o 3 3 

3577c..:. 

3-o75w-w. 

>.,o.v?:-:7 

C , 960lE-C  7 

t , 1 2 3 *4^  e 

J.97l3£-t7 

_ :,i225.-:b 

3,  Infj 

3.  29C 
3,457 

3.  62*. 

3,  835 

4,  3 h6 

TTTEl 

2 . 4 b 8 
2,593 
2.718 
2.876 

3 • C 3 5 

0,  7t.6 

35675::.  , 

j',  1 ’Cl 

U.  In®  CL- 

•Pt 

- , 1 •♦99c  -c  6 

C , 9 1 5 

_J,  9 7? 

763’ 7 . :: . 

i.c: . 

• aOJu'C  “cC 

:,£:“2c.-'‘6 

_0^7  3 7l- 

.c^C  : 

■:  c 

G,  i977c -c6 

, ^ C 4 

4.  2 72 
*4.  *,96 

4,  566 

4.674 

3.2c  *♦ 
3,37h 
3.439 
3.505 

u,  3 96 

3t07o.Ct  , 

• E ^ 0 w 

, t ♦ u C 

2.  7 86 

2.091 

J,3  95 

■*  C 6 *,  2 C 0 C , 

j,o6cl^-C6 

u • 2 4l 7t- 

07 

0.2051C-J7 

2.  8ul 

2.613 

TTui 

2 . 1 1 0 

J)  , **?! 

M , 451 

31  9**5C  00  , 

327p?clC , 

“ 



C.2  94^Ej- 

t.c  72  7c- 

^7 

C7 

0. 2670P-U7 

u. 2o79E-C7 

2.879 

2.  945 

2.  981 

3. wl7 

2.159 

2 . 2 w 9 
2.23b 
2.262 

0,463 

0,  566 

73  7* 

3 **d7  5 r :c , 

i ,31^5t- 37 

~r;9Trsr-r7  — 

C .EOHnt- 

C .9977c- 

0 7 

G 7 

_ 0. e325c-07 

0. 9918C-07 

37377 

3,  126 

3.  271 
3.414 

2 . 3 

2.346 

2,453 

2,560 

2.669 

2.817 

J,  6/S 

5S676j.r • 

, I 'C  j6  J^  ’dF 

0. 117  3£- 

C 6 

0.  1134L-cb 

3.  p85 

3.  75t 

0,791 

365/ 7.::, 

. ,1c  "9-:  -.b 

1 27  OF- 

J 6 

J. 1 225; -Lo 

T.117 

4,117 

2.71>T~ 

3.066 

3.126 

3.164 

0,  624 

36651.0., 

~ C .■f2co£'--d"6 

,t  ♦0: 

.£♦00 

4.168 

4.219 
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TABLE  C-2.  (CONTINUED) 


sPtcrMP.v 

rn . = A L - J - 1 

vi'.n  sitc 

ec.i^e 

THIt,KNc55=  a. 

TOO  WICTHT"  0 . DC  0 

SPtCIhcN 

lvr^=CC. 

XI  lUf.  ‘^KwSS  Ot 

'.0A:'=  3,uwG  STKlSS  ‘JATIO:  0.2pJ 

44444444444444444444444444444444444444444444444444444444 

BASIC  GAT- 

uA/DN  uALCUlATIUNS 

OAMAGb 

PARAHcTER 

N 

gTmF  ll 

TH(;tc  PT. 

kmax 

delta  < 

IN, 

o Y C w c.  S 

Sl^=»w  ( fi  ) 

SLuf'w  (P) 

91 V.Dirr, 

4444,4444444444 

44444444444  4 44444444444444444444444 

444444444444444444  4 4 4 

0.33*^ 

12255C::. 

. L ♦ C L 

. t ♦ JO 

3.117 

2.336 

. .Qci5c-C7 

r.bZL 

0.  ‘tip 

1 ’ 2 5 c.  0 C 0 . 

b.lC57.--06 

0.  I'^bl^-Jb 

3.  551 

2.663 

^ ; ITb  cL 

7.701 

2.836 

0. 54o 

1*.??2:  j C . 

w.226‘=c-Cb 

0. Ilo7t-05 

i,.  u 11 

3.jw  9 

u .T2^3--T5” 

... 

4.  262 

3.197 

- • 6 7 o 

. c ♦•C  j 

. L ♦uO 

-.513 

3.3  05 

0.  327 

l2235t.C.. 

.EO  C 

.t^CO 

Y.  062 

2.296 

C,92io£-.7 

3.2  73 

2T70T~ 

C.‘«19 

c.996cE-m  7 

0. Q970:-.7 

3 • 64 

2 . b 1 i 

w •lj7l:.-£b 

3.7  20 

2.775 

C.523 

l-r22j3u . 

C.21b7L-C  b 

u . 1 184L-C6 

3.917 

2.'j3  8 

w . 1 4.^0.-  :t) 

4.  17C 

3.127 

0.6S2 

- - - 

. t ♦ 0 0 

. t ♦ CO 

4.  h21 

3.317 

0.  390 

I2255:0u. 

. L ♦■C  C 

.£♦00 

3.  354 

2.516 

w.89£o--C7 

3T  p 47 

2 • 6 6 J 

C.‘*79 

1 3 c 5 b : : c . 

0 .1^09"—^  b 

0.  1 C97I.-06 

3.739 

2.8  L4 

"'"r.l293— Co  ■ 

3.96Ci 

2.991 

0.  6Ch 

C.2o2’l-J6 

J.  l*.i7L-C5 

4.  236 

3.17  9 

J .I'pOw*  w5 

4.531 

3.398 

0.759 

l<*3?CwJ«. 

.7  403 

.£♦00 

4.  624 

3.616 

0.  52*. 

1 22^**:  :c . 

• t.  »o  a 

.£♦00 

3.  92C 

2. 9^0 

ti>wcjw~C6 

TrT2l 

2.9.1 

u.  524 

1 2 j •,  5 ^ . 

...  1 'iC  6 

_ 0 . **997E  -Jb 

3.922 

2.942 

4.271 

3.2C3 

J « 7 u 

1 ’ 2 3 b ' C t . 

k;.2‘4wC£-ab 

w.  2-42lt  -Cb 

4.6  19 

3 • 4b  *4 

C.  Jb 

5.156 

3. at  9 

i).  99o 

i‘.2:2 : lC  . 

• t 40  0 

.F4C0 

5.  697 

4.2  7 3 

SPECIMEN 

S0.=  AL-7-1 

-.25  YIELD  STRENGTH-  64.47 

THIC<N£5S=  0. 

,475  HI3TH=  4.  0 JO 

SPECIMEN  TYPE  = CC.  MAKIMU*^  STRESS  0*^  Ti0=_ 

0.  356 

60000. 

.E»oa 

.£♦00 

6.469 

4.852 

C.9675E-06 

6.564 

4.9?  3 

_0.375 

80000, 

0, S880E-36 

3 . 0880E-O6 

6.656 

4.993 

0. 81C0E- 06 

6.736 

5.052 

0,391 

130000. 

0, 1019E-05 

0.  13  19E-05 

6.814 

5.110 

0. 1227E-05 

6.930 

5.197 

0.416 

1 20CQ0. 

0.1327E-05 

0.1327E-05 

7,046 

5.285 

0.1427E-05 

7.179 

5.365 

0.  445 

140000. 

0.  1561E-05 

0. 1p61£-C5 

7.  31  3 

5.405 

0. 1695E- 05 

7.469 

5.602 

0 , 470 

160000 , 

0.  178UE-05 

0.  1 784E-C5 

7.625 

5.719 

0. IS72E- 05 

7.  795 

5.846 

0.516 

100003. 

Q.179«4E-fl5 

Q.1794E-Q5 

7,956 

5.974 

C.1715E-C5 

6.121 

6.090 

0,550 

200000. 

0.2121E-05 

0.2121E-05 

8.275 

6.207 

0. 2528E- C5 

8.5)3 

6. 377 

0.601 

220000 , 

0. 2741E-05 

0.2741E-05 

0.731 

6.  54  0 

0.2955E-05 

8.990 

6.749 

0.660 

24DQQQ. 

D.3453E-Q5.. 

0.34801-05 

9.266 

6.949 

C.4005E-05 

9. 634 

7.226 

0.740 

260000. 

0.  l♦277E-05 

0. 4548£-05 

10.033 

7.5C? 

C.402OE-35 

10.230 

7.67  3 

0.705 

270000. 

0. 5795E-05 

0.5308E-05 

13.450 

7.84  3 

C.b202E-O5 

11.003 

8.312 

0.914 

29DDDQ . 

[L.i^39L-_D5  . 

0. 71fl7£-Q5 

11.738 

8.781 

C. 7744E- 05 

12.226 

9.169 

1.009 

302303. 

.£♦00 

.£♦00 

12.744 

9.558 

.0^166 

EQOflO. 

.£♦00  

. _.£^Qfl  

it.92J__ 

0.9275E-06 

_ 

6.661 

4.996 

0 • 385 

80000. 

0.  U02E-O5 

0.  11827-05 

6.  751 

5.063 

0. 1430E- 05 

6. 007 

5.165 

0 . 414 

lOOCOO. 

0 . l3b5E-05 

0. 1 T65E-C5 

7.024 

5.268 

0.1  293»'-  05 

7.145 

5.359 
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TABLE  C-2.  (CONTINUED) 


♦♦♦♦♦♦♦♦ 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

BASIC 

DATA 

OA/DS  CALCJLATIONS 

OAIASE 

parimetep 

1 

N 

SIMPLE 

SIMPLE 

THPEE  pT. 

<iA>f 

DELTA  < 

IN. 

CVCLFS 

SLOPE ( a ) 

SLOPE (PI 

OIV.  DI'-'-. 

♦♦♦♦♦♦♦♦ 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

. Q.S^D  _ 

__i2o:3:. 

0*1354E-C5 

_fl*i  5 64-:-fi5 

__?j^65__ 

5.449 

c.  1 wse-  35 

7.439 

5.579 

0.47^ 

140033. 

0. 2031E-D5 

C.2301E-C5 

7.511 

5. 7u  9 

:.2i?7r-:5 

7.635 

5.654 

0.52D 

153;::. 

0. 2234E-C5 

0. 22C4E-:5 

7.999 

5.999 

:.2260E-C5 

8.234 

6.153 

0.  555 

i3::2: . 

3.2495£*:5 

u.2i96E-C5  _ 

_S415  _ 

6.1^8 

27155- 05 

6.655 

5.491 

D.5n 

2co:o:. 

0.  3:i3E-:5 

0 . 33  3:e-:5 

8.93: 

6.675 

C . 3345'"-  05 

9.234 

6.90  3 

3 . 5^6 

?2cc:: . 

0. 394:E-05 

0 . 3 9 4 3 E - C 5 

9.53  7 

7.131 

:.  45i5e-  :*5 

9.93. 

7.44  7 

3.  777 

24CC03. 

0. 54’5E-:5 

0.5i25E-05 

i:.i52 

7.754 

C.  63l5t:-  05 

13.975 

6.23? 

0.931 

2 5 c : 3 : . 

0 . 7 1 7 2 £ . ft  5 

3. !) 26E-C5 

11.53: 

5.7;; 

1 77 

9.057 

0.992 

27::33. 

0. 1133E-34 

C.  13  11E-C4 

12.554 

9.415 

:. i2=5E- ru 

14.195 

13.645 

1.243 

29c::: . 

.£♦3: 

.£♦:: 

15.535 

__..;i.8  77_  _ 

-fi.36Q  .. 

5c;c:i 

_ f£03 

.6,53  5 

4xA7  9_  _ 

C . 91 50E- 05 

6.594 

4.945 

3.17^ 

5::3j. 

C. 933:E-95 

0 . 9 3 0 3 - - C 5 

6.663 

5.  Cl  ? 

: . 945cr- C5 

6.774 

5.C83 

0. 197 

loc:::. 

0. 975 ?E-:b 

0 . 9 7 57  r.ftf, 

6.  664 

5.146 

: . ioc7‘'-  rs 

6.959 

5.223 

0.417 

12c;::. 

0. l755E-;5 

0.1M5;-:5 

7.055 

5.23.1  . 

0. ?54?e- 05 

7.29? 

5.469 

c . 45^ 

14::::. 

0. 1449E-:5 

:.  14  49E-;5 

7.53: 

5.648 

C . 335CE- 05 

7.551 

5.67  1 

0 . 475 

lb:::: . 

0 . 1 1 3 : F - : 5 

0.  ii:;e-c5 

7.592 

5.694 

C . 1 ■65e- C5 

7.75? 

5.82  1 

0.  ^12 

15CC33. 

3.1996£-:5 

. 1 995E-C5  _ 

7.93? 

5.  Q4  9 

C . 2128E-  :5 

6.124 

5.0  0 

3 . 

? 1 ft  - ^ 

3. 251 ^E-C5 

0. 2513E-C5 

8.315 

5.237 

:.29:*E-  :5 

8.57^ 

5.434 

C.  61 1 

220:::. 

2. 3125E-35 

:.  3i?5-:-c5 

6.  6<  j 

5.63  3 

: . 3 3 4 2t:- 05 

9.14  7 

5.86  7 

0.653 

24C:33. 

3 . 355  7E-35 

3. 35?7"-C5 

9.44  7 

7.C85 

: . 4: 32E - " 5 

9.623 

7.355 

0 . 763 

2b:c3: . 

3.  41.?:E-35 

; . 4 s E-; 5 

13.194 

7.645 

:.51 95E-:5 

10.442 

7.632 

0.513 

27c: . 

0. 59?:E-C5 

w.555?"-C5 

IC.5P: 

6.C18 

: . b2^2E-  :5 

11.325 

6.495 

3 . 93^ 

2 9 : : c : . 

3. 7:7:f-:5 

: . 7 5 b 2 E - C 5 

11.95? 

6.97? 

- C5 

l?.5?b 

9.4w? 

1.  C41 

3323::. 

.Eo; 

.‘■03 

1 3.  11: 

9.63? 

.Q_^  344 

SlC3q:. 

-._£*Qj; 

. ^L^21 

6.355 

4.755 

3.  lieCE-Ts’ 

6.459 

4.85  2 

0.  367 

5C333. 

3. 9712E-05 

3 . 9 7 1 ? £ - : 6 

6.58  3 

4.93  7 

7«?5E-:5 

6.658 

4.994 

0 . 35 1 

i:c:::. 

0 . 7 5 3 : E - 3 5 

3 . 7 5 3 : - c b 

6.714 

5.C51 

: . 7775E-  :5 

5.83  6 

5.1:5 

J--399 

l2::3j. 

Q.i231£-C' 

3.1221L-C5 

-5.LU 



C . 15-5E- C5 

7.00 

5.26  1 

0.432 

i4c::3 . 

3. 1 391E-05 

0. 1 3Pl E-:5 

7.2: : 

5.4:: 

10P5E- C5 

7. 3:2 

5.475 

0 . 454 

15C  3 3 3 . 

0. 12b:E-:5 

:.  1 255  E-C5 

7.43  3 

5.552 

C.  14  22E-  :5 

7.534 

5.653 

J»  .453 

isc::-. 

3. IbZbE-:^ 

C.lb2bE-C5 

I thbk 

_ 5^748  . 

C. 15  lOE  - :5 

7.631 

5.873 

0.  519 

20:C33  . 

23^bE-35 

:. ?)bb:-:5 

7.997 

5.998 

: . 23:2E- 35 

6.2:5 

5.154 

C . 565 

22C3:3. 

3. 2592E-35 

2. ?592:-35 

8 . 41  3 

5.313 

C .25‘3E- 05 

8.573 

6.505 

0.52  3 

24::::. 

3. 3334E-:5 

3.  335-r-:-:5 

5.933 

5iii9  _ 

w . 3 5 25E  - :5 

9.?6l 

6.951 

0 . 703 

25::::. 

3.411 7E-:5 

:. 4w:6E-:5 

9.5?  9 

7.22? 

: . 4 7 : : £ - : 5 

9.647 

7.365 

0 . 747 

?7C:33. 

C. 532:  E-: 5 

5.  i:e-c5 

10  .:br 

7.54  9 

C.557Cf - C5 

13.638 

7.95  5 

0 . 659 

29o:c: . 

S. 515  3E-35 

:.5529£-C5 

11.15: 

8.364  . 

: . 7:  ^i£-  C5 

1 1 . 6 ; 1 

8.7:1 

0 . 946 

3:23::. 

. EO  3 

. £03 

12.051 

9.036 
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TABLE  C-3.  FATIGUE -CRACK -PROPAGATION  DATA  FOR  7075-T735I  AT  R = 0.100 


SPLCIhtN  NO.=  YIcLO  STRcNGTHr  tO.46  ThICKNlSS=  0.5C0  NIOTh=  t.OOO 


SPtCihtN  TYPE=CC*  r-AXiHUH  STRESS  CK  lOAO=  4. COO  STRLSS  RATIO-  J.lOO 


► ♦♦44  4444444444 


^444444444 


BASIC  DATA  OA/ON  CALCULATIONS  OAHAGE  PARAMLTtft 

A N simple  simple  three  pt.  kmax  delta  K 

IN,  CYCLES  SLOPt(A)  SLOPE(P)  OIV.OIFF, 


^4444444444444444444444444444444444444444444 


0.317 

0.R3C  R11700. 
O.RSl  4617C0. 
O.SA£  601700, 
0,641  72170L. 
0,7CA  771700. 
0,616  6^1700. 
0.996  671700. 
1.310  981700, 
2. IOC  971700. 


4.2723L -06 
0. 44u0c-Q6 
0.C522L-06 
0.9625t-C6 
0,1  3Slt.-J5 
0.  2l*4  5t  -05 
0 , 3596l -05 
c.  6289t  -05 
0. 158CL-C4 


.£♦00 

0, 29u4E-06 
0.60  98E-0e 
0. 7265E-06 
0.  1150E-C5 
C.  1748E-05 
0. 2870E-05 
0. 4943E-05 
0.  1104E-C4 
.£♦00 


,£♦00 

0.42181-06 
0. 4824E-C6 
0. 90636-06 
0.  1183£-C5 
C. 1748t -C5 
C, 26706-05 
U.4942E-C5 
0.  11046-04 
.6^00 


4.021 

3.619 

4.363 

3.  927 

4.705 

4.234 

4.768 

4.291 

4.630 

4.  347 

5.183 

4.665 

5.536 

4.  982 

5.668 

5. 119 

5.839 

5.255 

6.010 

5.409 

6.180 

5.562 

b . 445 

5.800 

6,710 

6.C  39 

7.  152 

6.437 

7,594 

6.634 

6.407 

7.566 

9,221 

8.299 

12.228 

1 1 .CC6 

15.23b 

13.712 

0.316 

0.376  411700, 
0.404  461700. 
0.47c  661700. 
0.482  721700. 
0.503  771700. 
0.532  621700. 
0.558  871700, 
0.56c  921700. 
0.620  971700. 


0.14466-06 
0.5620L-06 
0 .33C6E-06 

u . 200  61.-0  6 

c .*4090E-C6 
C.5d70L-C6 
U.5190C-06 
C.‘4290c-06 
L ,6l30C-c6 


.£♦00 

0. 16986-06 
0. 3770E-06 
0. 3CC6E-06 
0.2955E-C6 
0.49606-06 
0, 5530E-C6 
0. 4740E-C6 
0. 62106-06 
.£♦00 


,£♦00 

0.5l686-u6 
0.51586-06 
0. 23086 -06 
0 . 31*446  -06 
0. 498CE-06 
0.55306-c6 
0 . 47H0t-06 
0, 62106-U6 

. 6 ♦ u 0 


4.015 
4.  2C2 
4.369 
4,473 
4.557 
4.  746 

4.  936 
4.969 
5.0C3 
5.059 
5.115 
5. 19h 
5.273 
5,342 

5.  *411 
5. *4^7 
5,524 
5.629 
5.73h 


3,614 

3.  7 62 
3.950 
4.026 
•4.101 
4.272 
4.442 
4.472 
4.502 
4.553 
4.603 
4,675 
4,746 

4.  608 
4. 670 
4.921 
4.971 
5.066 
5.160 


0.316 

• 

0. 1562L-C6 

• £♦00 

• £♦00 

4.0  10 
4.  211 

0.380 

411700. 

C,562Cl-06 

0. 2001E-G6 

0.51816-C6 

4.413 

4.496 

0.4C6 

461700. 

0. 33l5c-Gb 

0. 3776E-Cfc 

0. 5159E-C6 

4.580 

4.769 

0. 47*« 

661700. 

C.3992L-C6 

0. 34716-06 

0.38366-06 

4.  956 
5.024 

0.498 

72l7cu  . 

C.  3960(.-C6 

0. 39776-06 

0. 39746-06 

5.090 

5.144 

0.516 

771700  . 

0 .507Ct -06 

C, 45l5£-tb 

0.45156-06 

5.198 

5.266 

0.543 

821700. 

0.527OC.-06 

0. 5170E-06 

C. 517  06-06 

5.333 

5.^C3 

C.570 

6 7 1 700  . 

C. 65506-06 

0. 59i:£-C6 

0.59106-06 

5.473 

5.558 

0.6C3 

921700  . 

t.690Ct -06 

0. 67256-06 

J. 67256-06 

5.643 

5.731 

0.637 

97  1 700  . 

• £♦00 

• 6^wC 

5. 82C 

3.6C9 
3.790 
3.971 
4.047 
4.122 
4.292 
4.462 
4.622 
4.581 
4.630 
4.678 
4.739 
4. 600 
4.663 

4.  925 
5.002 

5. C  79 
5.155 
5.236 


0.317 

• 

L. 19386-06 

• £♦00 

• £♦00 

4.020 

4.267 

0.397 

411700  , 

0.344Cc-C6 

0. 21C1£-C6 

0.327  76  - 06 

4.515 

4.565 

U.  41<« 

461700  . 

0.42186-06 

0. 4062E-C6 

0.3595E-06 

4.616 

4.654 

u.  499 

661700 • 

C.485CL-C6 

u. 4363E-Cb 

0.47046-06 

5.092 
5. 17g 

0.526 

721700. 

0.62206-06 

0, 5473E-06 

0. 55976 -06 

5.249 
5.  332 

3.616 

3.  841 
4.063 

4.  109 
4.  154 
4.  366 
4.562 
4.653 
4.724 
4.799 
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TABLE  C-3.  (CONTINUED) 


6ASIC  DATA 


A 

IN. 


N 

CVCLtS 


SIMPLE 
SLOPL (A } 


OA/ON  CALCULATIONS 

simple  three  PT, 


SLOPE (P) 


DI V.OIFF. 


DAMAGE  PARAMETER 
KMAX  DELTA  K 


0.SS9 

77170C. 

0. 7140E-C6 

C.7140L-L6 

5.414 

4.  873 

C. 6060E-06 

5.530 

4.968 

0.599 

631700. 

0. 6065E-C6 

C.6065E--6 

5.635 

5.062 

C.8  11CE-C  6 

5.739 

5.156 

0.64u 

87170C. 

0. 9675E-06 

0.9875t -06 

5.633 

5.350 

0. 1 164C-C5 

5.98C 

5.382 

0.E96 

93170C . 

0. 1234E-05 

0. 1334E-C5 

6.136 

5.514 

0. l3t5L-c5 

6.368 

5.660 

0.763 

97170C  . 

.EtOC 

.E  too 

6.451 

5.805 

SPECIMEN 

NO.=  AL-5-1- 

.1  YIELD  strengths  6u. 

47  THICKNtSS= 

0.475  widths 

6.0 

SPECIMEN 

TVPE=CC.  MAXIMUM  STRESS  OR 

LOAD=  5.5G0 

STRESS  RATIO*  0. 

100 

0.313 

73500  . 

.E^OO 

.£♦00 

5.491 

4.942 

0.7000E-07 

5.49  4 

4.945 

0.314 

635  00  . 

0.1350E-07 

0.1350E-C7 

5.497 

4.947 

-.45C0E-07 

5.495 

4.946 

0.313 

.93500  . 

0.9360E-07 

0.9350E-C7 

5.49  3 

4.944 

0.3300E-06 

5.5C  3 

4.953 

0.316 

10  3500  • 

0.4650E-C6 

0. 46505-06 

5.514 

4.963 

0.74C0E-C6 

5.547 

4.992 

0.333 

11350C. 

0.6575E-06 

0.6575E-06 

5.560 

5.023 

0.5750E-a6 

5.6C5 

5. 045 

0.339 

133500. 

J.645CE-C6 

0. 6450E-C6 

5.631 

5.C68 

0.7150E-C6 

5.662 

5.096 

0.336 

133500. 

0.530CE-06 

0._530  0E-06 

5.693 

5.124 

0.335CE-06 

5.706 

5.137 

0.339 

143500. 

0.6635E-0E 

0.6635E-06 

5.722 

5.150 

1. OOOOE-06 

5.765 

5.188 

0.349 

153500  . 

0.6150E-Ce 

0. 615CE-06 

5.81  8 

5.227 

0.63C0L-06 

5.835 

5.352 

-fli356_ 

_1635uCj 

0.9700E-Ce. 

05_97oOE-C6 

5.862 

5.276 

’~0.1310E-05 

5.918 

5.336 

0.369 

173500 . 

0.9975E-C6 

0. 9975E-C6 

5.97  3 

5.376 

0.6650E-06 

6.uC3 

5.402 

0.376 

163500. 

0.73CCE-06 

0. 730CE-06 

6. 030 

5.437 

0.7750E-06 

6.063 

5.456 

_ 

L^.^oo. 

0.970CE-06 

0.970PE-06 

6.095 

5.485 

0. 1165E-C5 

6.143 

5.529 

0.395 

30  3500  . 

0. 1413E-05 

0. 1412E-&5 

6.191 

5.572 

0. 1660E-05 

6.258 

5.6  32 

0.413 

313500  . 

0.142CE-C5 

0. 142CE-05 

6.325 

5.693 

0.116QL-05 

6.373 

5.735 

0.43  3 

_ 333500. 

0. 1653E-C5 

0. 1653L-C5 

6 . 42  L 

5.778 

C.3135E-05 

6.5C4 

5.653 

0.445 

333500  . 

0. 1630E-05 

0. 1830E -05 

6.567 

5.929 

0. 1515E-05 

6.  646 

5.982 

0.46C 

343500  . 

0. 135CE-05 

0. l350t-05 

6. 7C5 

6.C  35 

0.1165E-C5 

6.7M 

6.076 

0.473 

353500. 

0. 1746E-05 

0.  1 7481-05 

6.79b 

6.117 

0. 3310E-05 

6.864 

6.196 

0.495 

363500  . 

Q.2315E-C5 

0. 3315E-C5 

6.972 

6.274 

0.3330E-05 

7.058 

6.352 

0.51A 

3735J0  . 

0. 1950E-C5 

0. 195CL-L5 

7.145 

6.431 

0.1560E-05 

7.2C  3 

6.483 

J5t  53  4 _ 

363500. 

0. 3343E-05 

0. 3343E-C5 

7.262 

6.5  36 

0.39O5E-C5 

7.368 

6.631 

0.563 

393500  . 

0.3790E-C5 

U. 3790L-05 

7.473 

6.726 

0.3675E-C5 

7.570 

6.813 

0.509 

30  3500  . 

0. 3CCCE-C5 

0. 3GL0E-C5 

7.666 

6.899 

0.3325E-C5 

7.784 

7. 005 

0.633 

31350J. 

0.35C5E-C5 

0. 3505E-05 

7.901 

7.  Ill 

0. 3665E-05 

6.030 

7.327 

0.660 

333500. 

0.3916E-05 

0a3917E^5_ 

8.159 

7.343 

~b74150r-L5 

8.303 

7.472 

0.701 

333500  . 

0.4163E-05 

0. 418  3E-05 

6.446 

7.601 

0.4315E-C5 

8. 590 

7.731 

0.743 

343500. 

0.4666E-05 

0.5392L-05 

8.734 

7.861 

0.5663E-05 

8.814 

7.933 

0.767 

346500. 

.E^OO 

.E.t00 

6,894 

8,005 
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TABLE  C-3.  (CONTINUED) 


♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 


BASIC 

DATA 

OA/ON  CALCULATIONS 

DAMAGE 

PARAMETER 

A 

N 

SINPLE 

SIMPLE 

THREE  PT. 

KMAX 

DELTA  K 

IN. 

CYCLES 

SLOPE (A ) 

SLOPE (P) 

01 V.OIFF. 

h444444444444444444 

4444444444444 

44444444^4^4^4^^444444444 

0.350 

72500. 

.E^OO 

^£♦00 

5.813 

5.  2 31 

0.1930E-05 

5.894 

5.305 

0.369 

62500  . 

0.1628E-05 

0. 1628E-C5 

5.976 

5.379 

0.1325E-05 

6.032 

5.429 

0.362 

92500. 

0.1297E-05 

0.1297E-05 

6.067 

5.478 

0.1270E-05 

6.139 

5.525 

1.395 

102500. 

0.  1432E-C5 

.0.  14  32E-05 

6.192 

5.572 

0.1595E-05 

6.256 

5.631 

0.411 

112500. 

0.1560E-05 

0. 1560E-&5 

6.321 

5.689 

C. 1525E-C5 

6.382 

5.744 

0.426 

122500  . 

0.1570E-05 

0. 1570E-05 

6.443 

5.799 

0. 1615E-05 

6.50  7 

5.856 

0.442 

132500. 

0.1995E-C5  

g. 1995E-C5 

6.570 

5.913 

0.2375E-C5 

6.662 

5,996 

0.466 

142500 . 

0. 1798E-05 

0. 1798E-05 

6.754 

6.C  79 

0. 1220E-05 

6.60  1 

6.121 

0.478 

152500. 

0.1775E-05 

0.  1775E-05 

6.646 

6.163 

0.2330E-C5 

6.936 

6.242 

0*50  2' 

162500  . 

0.2327E-05 

0..  2327E-05 

7.024 

6.321 

0.2325E-C5 

7.  lie 

6.399 

0.525 

172500. 

0.2190E-C5 

0. 219CE-05 

7.197 

6.477 

0.2055E-05 

7. 272 

6.545 

0.545 

162500. 

0.2435E-05 

0. 2435E-C5 

7 .3*.8 

6.6  13 

0.2815E-05 

7.450 

6.705 

0.574 

192500  . 

0.2768E-C5 

0. 27666-05 

7.552 

6.797 

d.2720e-G5 

7.649 

6,684 

0.601 

202500 . 

0. 31C5E-05 

0. 3 1056  -05 

7.746 

6.972 

0. 3490E-05 

7.869 

7.C  82 

0.636 

212500. 

0.3417E-C5 

0. 34176-05 

7.992 

7.193 

0. 3345E-C5 

8.  109 

7.298 

0.669 

222500. 

0. 3473E-05 

0. 34736-05 

6.226 

7.403 

t.3600t-05 

6.35C 

7.515 

0.705 

232500  . 

0. 3918E-C5 

0.39176-05 

6,474 

7.627 

0.  4235E-0  5 

8.619 

7.757 

0.747 

242500  . 

0.4532E-05 

0.H532t-05 

8.76  3 

7,88  7 

0.4830E-05 

8.927 

8.C  35 

0.796 

2525  00  . 

0.5070E-05 

0. 5070L-05 

9.091 

8.  182 

t.531CE-C5 

9.270 

8.343 

0.649 

262500  . 

0.5852E-C5 

0. 58326-05 

9.h50 

8.5  05 

0.6395E-05 

9.  66  5 

8.699 

0.913 

272500  . 

0.70  33E-C5 

0. 70336-05 

9.86  1 

8.693 

0.7670E-G5 

10.141 

9.127 

0.969 

262500 . 

C. 8107E-05 

0. 61076-05 

10  .^C  0 

9.360 

C.8545E-05 

10.694 

9.62^ 

1.C75 

292500 . 

0. 96626 -C5 

0. 96626-05 

10.967 

9, 688 

C.  107  66-04 

11.366 

10.229 

1.163 

302500 . 

0. 1216E -04 

0. 12166-04 

11 . 745 

10.570 

0.  1354t-C  4 

12.242 

11.016 

1.316 

312500 . 

0. 1530E-C4 

0.  15306  -04 

12.743 

11.466 

C. 1707E-04 

13.419 

12.077 

1.469 

322500 . 

0.2098E-04 

0. 20986-04_ 

14.098 

12.688 

0.2469E-04 

15.246 

13.721 

1.736 

332500. 

0. 3338E-04 

0 . 33386-04 

16. 39  3 

14,754 

0.4166E-04 

19.136 

17.222 

2.157 

342500  . 

.£♦00 

.£♦00 

21.879 

19.691 

0.352 

72500. 

.£♦00 

.£♦00 

5.829 

5.246 

0.1360L-05 

5.666 

5.299 

0.366 

62500  . 

0.9725E-06 

0.97256-06 

5.947 

5.352 

0.5650E-06 

5.970 

5.373 

0.371 

92500  . 

3. 6SO0E-06 

0. 66006 -06 

5.994 

5.395 

0. 1195E-C5 

6.044 

5.439 

0.363 

102500. 

0.1165E-05 

0. 11656-05 

6.094 

5.464 

0.1135E-05 

6.140 

5,526 

0.394 

112500  . 

0.  8450E-C6 

0. 84506-06 

6.187 

5.568 

0.5550E-06 

6.210 

5.589 

0.40C 

122500  . 

0. 5675E-06 

0. 56756-06 

6.232 

5,609 

0.5800L-06 

6.256 

5.630 

_ 1*^0  6 

132500  . 

0.5075E-06 

0.5C756-06 

6.279 

5,651 

0.4350E-06 

6.297 

5.667 

0.410 

142500  . 

0.8900E-C6 

0. 89066-06 

6.315 

5.683 

0.1345E-&5 

6.  366 

5.732 
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TABLE  C-3.  (CONTINUED) 


BASIC  DATA 
A N 

IN,  CYCLES 


♦ ♦ ♦ ♦ 


0.424* 

1525C0 . 

0.429 

162500. 

0.437 

172500. 

0.44C 

182500 . 

192500. 

0.46  3 

20  2500  . 

0.466 

2125C0  . 

0.466 

222500  . 

0.496 

2325  0C  . 

0.514 

2425C0. 

0.529 

2525C0  . 

0.547 

26250C  . 

0.567 

2725  00  . 

0*699 

282500  . 

0.617 

2925  C0  . 

0.644 

30  250t  . 

0.679 

31  25  00  . 

0.711 

322500 . 

0.752 

332500. 

0.796 

342500  . 

0.612 

346500  . 

_q.  316 

72500  . 

0.316 

62500. 

0.316 

92500. 

0.322 

10  2500  . 

0.326 

1125C0 . 

0.341 

122500  . 

0*343 

1325J0. 

0.354 

14250C  . 

0.360 

152500  . 

0.367 

162500  . 

0.376 

172500  . 

0.362 

162503. 

0.390 

1925  30  . 

0.396 

202500. 

0.407 

212500. 

0.413 

2225  0C  . 

►♦♦♦♦4**4***4, 

OA/DN  calculations 

DAMAGE 

parameter 

SI>;PlE 

SIPPLE 

three  ft. 

KHAX 

delta  k 

SLOPE(A» 

SLOPE (P) 

OIV.DIFF. 

♦♦♦♦♦♦♦♦♦♦♦♦ ♦♦ 

0. 9300E-06 

0.9300E-06 

6.422 

5.780 

0.5150E-06 

6.443 

5.798 

0.6450E-C6 

0 . 64506-06 

fc . 46  3 

5. 617 

0.775CE-06 

6.494 

5.844 

0.5525E-06 

0. 55256-06 

6.524 

5.872 

C;.33CC£-C6 

6.537 

5.884 

0.6375E-06 

0. 6 3756-06 

6.550 

5.695 

0. 9450t-C6 

6.587 

5.928 

0. 1138E-05 

0.  1138C-C5 

6.624 

5.962 

0. I330t-C5 

6.676 

6.0  06 

0.9475E-C6 

0. 9475L-06 

6.727 

6.  C 54 

0.5650E-C6 

6.749 

6.074 

0.  12e5E-C5 

0. l2e5£-05 

6.771 

6.  C 94 

C.2CC5E-C5 

6.847 

6.162 

0.  14C3E-05 

u. 14036-05 

6.92  3 

6.231 

&.8CC0t-C6 

6.95  4 

6.258 

0.  1270E-C5 

0. 127Ct-05 

6.984 

6. 28 5 

C.1740t-05 

7.049 

6.34*. 

0. 1655E-C5 

C. 16556-05 

7.114 

6.402 

C.157Cc-C5 

7.172 

6.455 

0.  1663E-C5 

0.  l6e3E-w5 

7.230 

6.507 

C. I755t-C5 

7.29h 

6.5  65 

0. ie85E-C5 

0. 1 885t -C5 

7.359 

6.623 

C. 2015L-05 

7.432 

6.689 

0. 7605E-C5 

0.  7b05t.-C5 

7.5C5 

6.754 

0. 1320i-C4 

7. 96  8 

7.172 

0. 251  3E-C5 

0. 2513E-C5 

8.432 

7.589 

-.8170t-05 

6.148 

7.333 

-. 2763E-C5 

-.  276  36  -05 

7. 86  3 

7.L  77 

0. 2645E-C  5 

7.956 

7.161 

0. 31C  7E-C  5 

0.  3H.7E-05 

8.049 

7.2  44 

0. 357CE-05 

8.17  3 

7.356 

C.  3 38  3E-C  5 

C . 338  3E  -05 

8.297 

7.468 

0. 3195E-C5 

8.40  7 

7.566 

0. 3ei0E-0  5 

0 . 361 Ct-C5 

8.517 

7.665 

~ 'b.40  2 5E-C5~ 

8.655 

7.789 

0.4347E-C5 

C. 4347E-05 

8.792 

7.913 

0. 4670e-C  5 

8.95  0 

8.055 

0.4289E-05 

0.3718E-05 

9.1C9 

8.196 

0. 3337E-05 

9.154 

6.236 

_ .£^00 

,E*00 

9,199 

8.279 

.EtCO  

.E_ilO 

5. 520 

4.968 

'-.400CE-07 

5.518 

4.966 

-.275CE-C7 

-. 275CE-07 

5.516 

4.964 

-.  15C0E-07 

5.515 

4.964 

0. 3200E-06 

C. 32006-06 

5.515 

4.963 

0.6550E-C6 

5.544 

•♦.989 

0.5200E-06 

0. 52C0E-C6 

5.573 

5.  C 16 

C .38506-06 

5.59C 

5.0  31 

0.9075E-C6 

0. 9C75E-06 

5.607 

5.C47 

0.1430E-05 

5.67u 

5. 1C  3 

0. 8375E-C6 

0. 8375E-06 

5.733 

5.159 

0.2450L-C6 

5.743 

5.169 

0.6550E-C6 

0, 6 5506 -06 

5.75*. 

5.178 

0. 1065L-C5 

5.800 

5.220 

0. 8275E-0t 

0 . 82756-06 

5.646 

5.261 

0.59CCE-06 

5.871 

5.2e-4 

0.6525E-C6 

0. 65256-06 

5.896 

5.306 

C . 7150£-Ce 

5.926 

5.333 

0. 8025E-C6 

0. 80256-06 

5.956 

5.361 

0. 8SCCE-06 

5.994 

5.394 

C.770CE-06 

0. 77006-06 

6 . u 3 1 

5.423 

C.6500E-C6 

6.058 

5.452 

0.7250L-C6 

0.72506-06 

6.465 

5.476 

0.6000E-Q6 

6.118 

5.506 

0.7225E-Cfc 

0. 7225t-06 

6.15  1 

5.5  36 

0. 645CE-C6 

6.177 

5.560 

0. 8525E-Ce 

0. 8525E -06 

6.20*. 

5.583 

0. 106CE-C  5 

6.247 

5.622 

0. 830CE-0e 

0. 83uC6-C6 

6.290 

5.66  1 

C.60C0E-C6 

6.  31h 

5.6  83 

0.  10486-05 

C. 1048E-05 

6.338 

5. 704 

0 . 1495t.-C5 

6.  398 

5.758 
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BASIC 

A 

IN. 


DATA 

N 

CYCLES 


TABLE  C-3.  (CONTINUED) 

OA/ON  CALCULATIONS 

SIMPLE  simple  iHRLt  PT. 

SLOPE<A)  SLOPE(P)  OIV.DIFF. 

►♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 


♦♦♦♦♦♦♦ 

damage 

KMAX 


♦♦♦♦♦♦♦♦♦♦ 

PARAMETER 
DELTA  K 


232500. 

i:.1358E-C5 

0. 1358E-05 

6 . hS  6 

5.812 

0. 1220t-C5 

6.506 

5.855 

0.4L0 

242503 . 

0.  1245L-05 

0. 1245E-05 

6.554 

5.898 

0. 1270fc -05 

6.6C  3 

5.943 

0.453 

252503. 

0. 1125E-C5 

0. 1125L-Q5 

6.65  3 

5.988 

0.98CCF-06 

6.691 

o.O  22 

0.463 

262500. 

0.  1565E-C5 

0 . 1565E-C5 

6.729 

6.C56 

0.2150C-05 

5.811 

6.1  30 

0.464 

27250Q  . 

0.2153E-C5 

0. 2153E-C5 

6.893 

6.204 

C.2155E-05 

6.97*. 

6.277 

0.506 

262500  . 

0.  m73i-C5 

0. 1h73E-u5 

7.C55 

6.350 

0.79C0L-06 

7.085 

6.376 

0.514 

29250:  . 

0.  1 386E-C5 

0.1 368E-C5 

7 . 11  u 

6. 41  3 

C. 1965t-C5 

7.186 

6.469 

0.534 

332500. 

0. 2202E-C5 

0. 2202t-05 

7.26  1 

6.535 

0.2420t-C5 

7.349 

6.6  14 

0.55  6 

3125J:  . 

0.  3135E  -05 

C. 3135E-C5 

7.438 

6.694 

0.365Cfc-35 

7.576 

6.8  18 

_0.516 

L ..  32_25^._ 

0.  3^65^05 

._P*  3 7656-05  _ 

7,714 

6.943 

oT3680L-05 

7,844 

7.060 

0.633 

332500. 

0.4005E-05 

0. 40C5E-C5 

7.974 

7.177 

0.4330E-05 

8.125 

7.313 

0.676 

342500. 

0.4529E-05 

0. 4826E-05 

8.270 

7.448 

0.5025E-C5 

8.345 

7.511 

J .696 

3465  00  . 



8,414 

7,573 
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TABLE  C-4.  FATIGUE-CRACK-PROPAGATION  DATA  FOR  7475-T7351  AT  R = 0.500 


SPfCIMEM 

NO.=  AL-3- 

Vis'Ll  ST9ENSTH=  5 7. 

00  TMfc<NESS= 

0.S30  HiiTH=  ^.yjo 

SPECIMFN 

Typfrrc,  ST^rss  09 

LOADr  3.003 

STRESS  9ATI0=  0. 

SOO 

♦ ♦ ♦♦♦ ♦♦♦♦♦♦ ♦♦♦ 

BASIC 

DATA 

OA/ON  CALCULATIONS 

DAMAGE 

parameter 

A 

N 

SIMPLE 

SIMPLE 

THREE  PT. 

<MAK 

DELTA  K 

IN. 

•‘VCLFS 

SLOPE ( A| 

SL0P5  CP) 

OIV.OIEP. 

0 . 414 

41??pr30. 

. E^OO 

. F^OO 

3.46? 

1.7  31 

C. 14?CF- 07 

3.489 

1.745 

0.4?7 

4?0900C0 . 

0. 3363E-37 

0. ?364E-07 

3.S16 

1.758 

0. 43C  7F- P7 

3.678 

1.839 

0.  S04 

4388P03C  . 

0.5412E-C  7 

_0.63?4E-07 

3.  840 

1.920 

0. 74’9F- 07 

3.985 

1.993 

0 . S77 

44860000 . 

0 . 8 ?40F-C  7 

0. 8??4E-07 

4.131 

2.065 

C.  13  355- 07 

4.30S 

2.152 

0.667 

4S»60000. 

0. 8831E-07 

0.8825E-07 

4.478 

2.239 

C.86?1F-C7 

4.6?9 

2.314 

0.747 

4 6 7 Q C C 0 0 . 

0. 971?E-07 

0. 9637E-07 

4.779 

2.389 

C. 1072E-06 

4.977 

2.488 

0.  A54 

477qC303 . 

0. 1173E-06 

0.  1174E-06 

S.175 

2.587 

0. 1 ?75E- 06 

S.40  7 

?.7C4 

0 . 9B1 

4'»78Cw00  . 

0 .1473E-06 

0.1471E-06 

5.640 

2.820 

0. 1668E- 06 

5.9S4 

2.977 

1.147 

4«»78C00Q. 

0.  173=3E-06 

0.  17?5E-06 

6.?69 

3.135 

0. 1 766E- C6 

6.5?C 

3.263 

1.375 

60500000. 

. E^OO 

.E^OO 

6.  771 

3.385 

0.  3^9 

4l??0003. 

. E^OO 

.E»00 

3.35? 

1.676 

C . 3385E- 07 

3.417 

i;7i9  ■ 

0.411 

4?0Q00C3  . 

0. 4?  53E-0  7 

0. 37975-07 

3.483 

1.741 

C. 4645E- C7 

3.65  8 

1.829 

0.  SO? 

4M“  CC03  . 

C. 3767E-07 

0 . 33  41  E-C7 

3.833 

l.Pl  7 

C. 21 63E- 07 

3.876 

1.938 

0.5?3 

4 4 8 6 0 3 0 3 . 

0 . 3573E-07 

0. 3545E-C7 

3.Q19 

1.960 

0 . 41S5E- C7 

^■.oiH' 

2.0c 9 * 

0.  S73 

45860030. 

0. P86SE-G  7 

0. ?708E-:7 

4.116 

2.058 

r . 6 1 8 3E  - 0 8 

4.1?7 

2.064 

0.  S71 

4 6 7 Q P 0 3 3 . 

0 . 36  )4E-07 

0. 347ir-07 

4.131 

2.G61 

0. 6555E- 07 

4.?65 

2.133 

0.644 

t.7rqccc3. 

0.6884E-07 

3.68885-07 

4.  39? 

2.196 

:. 721 7E- 07 

■4; 5? 7 

" 2.263 

0.716 

48  7 * COCO . 

0. 843SE-C7 

0. 84??5-07 

4.661 

2.331 

C . 164Ct- 07 

4.840 

2.420 

3.  Al? 

4Q7«»(;0?0. 

0. lC3?r-06 

0. n 16E-C6 

5.019 

2.509 

f . 1C  54F- 0 6 

5.158 

2.579 

0 . B8A  _ 

^0500303 . 

0 . 1 33  3 E-''6 

0. llS?F-06 

5.?98 

2.649 

r . 1 318'--  06 

5.76  8' 

‘ 2.884  ■ 

1.  140 

5?  3C00C3 . 

. E»C0 

.r»co 

6.239 

3.119 

0.  39? 

41’?0033. 

.E»00 

. EfOO 

3.365 

1.683 

C. 37QqE- 07 

3.438 

1.719 

J_.  4?^  _ 

4?0q03C0. 

0. 3?99E-C7 

3.511 

1.755 

0. ??71E- 07 



3.597 

1.799 

q.  466 

4 ^8“  00  0 0 

0.?47lE-07 

C. ?S37E-C7 

3.684 

1.842 

“ “fr.  2 8.37^0T  “ 

3.742 

1.871 

3 . 494 

44860000. 

0. 463  1E-0  7 

0. 4566E-C7 

3.  799 

1.900 

0. 63’OE- 07 

r.92r 

r.9f»i” 

0.S57 

458600C0 . 

0.5383E-07 

0.S31?E-07 

4.054 

2.027 

'C  . 4 3 66E-  07 

4.134 

2. 067 

J . 59H 

4 5 9 0 0 0 3 . 

q.  6459E-C7 

0.631?E-07 

4.214 

2.107 

0.8 4 CSC- 07” 

4.374 

2.187 

0. 68? 

47790003 . 

0.9S85F-37 

0.  «»S975.n7 

4.535 

2.267 

0. 10 ’8F- 06 

4.73  3 

2.367 

0.788 

48^8  COCO  . 

0. 1078E-06 

0 . 13  78E- 06 

4.93? 

2.466 

8. I37qr- 06 

5.131 

2.565 

q.  896 

4078  cor  3 . 

0.  118  ir-06 

Q.l??0r-C6 

5.  3?9 

2.665 

0.1 322E- 06 

5.505 

2.752 

0.99’ 

50  5 0 000  3 . 

0. 1451 E-06 

0. 1 374E-06 

5.681 

2.840 

0. 15F2F- C6 

6.  ?D0 

3:io(r 

J • 

‘‘’30C0C3  . 

_._E»0C 

. EfOO 

6.7’0 

3.360 

0 . 398 

41 ??000  3 . 

.EtOO 

. EtOO 

3.  391 

1.696 

C. 18CSF- 07 

3.4?6 

1.71  3 

0 . 414  _ 

4'*oiq^D0._ 

q_f_?5?3I-j7 

0. ?l 54E-C7 

3.461 

1.730 

rr?'8T?E-"07” 

3.571 

1.  7A5 

J.  46S 

4388  0 300  . 

q . 3 3_14£-0_^ 

_ 0.36  80  5-07 

3.681 

1.840 

:.'4rr?E-3  7 " 

3.  764 

1.882 
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TABLE  C-4.  (CONTINUED) 


BASIC  OftTA 

A SIMPLE 

IN.  rvCL^S SLOPf  ( 

0.S06  ut*^f»o:co. 

nA/f)N  CALCULATIONS  DAMAGF  PA9AMFTFP 

SIMPLE  “ TMPFE  PT.  <MAX  ~ DELTA  < 

SLOPE(P)  OIV.niFF. 

0.2907F-07  0.7931E-07  3.848  1.924 

0. 17165- 07 

3.88  3 

1.941 

0.  S21 

4*^861,00?. 

0. 2930E-07 

0. 3D22E-07 

3.91  7 

1.959 

0. 4277E- 07 

3.996 

1.998 

0.‘16? 

4 6 7 9 •!  0 P 0 . 

0.  492  7E-0  7 

0. 4879E-07 

4.074 

2.0  37 

r.5570F- C7 

4.183 

2.  C9l 

D.f>M 

47nG?P0  . 

0.661 3F-07 

0.6524^-07 

4.291 

2.146 

C.  76^' 75-  07 

4.436 

2.218 

0 . 6B4 

48780030 . 

C . 843  0 E-07 

0 . 842?''-07 

4.580 

2. 290 

:.9186P-07 

4.  751 

2.3  75 

P . 78f> 

4«^7HC0CO  . 

0.992’E-07 

0.  10  21  '^-06 

4.921 

2.461 

1 0O4F-  06 

5.067 

2.533 

9 . 864 

s : 5 0 0 0 r 0 . 

0.  1 25  6F-36 

0.  1 1594^  -06 

5. 21  2 

2.606 

?. 1 3235- C6 

5.65  4 

2.827 

1 . 10? 

’ 3 0 c : C 3 . 



. F^OO 

6.096 

3.0  48 

SPrci*^?  N 

KO,= 

- . V’-  L j ST 

“-•^6 ''Hr  57. .C 

THrCKN‘‘SS  = 

.528  WIOTHr  4.0CC 

5 Cl ‘-an 

LU^  ~~L  L . X 

SS 

y .y.5*.  - S 

'"-‘ss  'iATicr  j.f:: 

C.  322 

4.9'TO. 

.E  O 0 

. t ♦oo 

5.617 

2.8C  8 

: .22  3u-:6 

5.627 

2.813 

0.  324 

5JCC0. 

C.320uS-0f 

0. 27G0L-:6 

5.  637 

2.819 

? . 3''.0--t6 

5.671 

2.836 

j^n 

L.2729E-: 6 

: . ■»311E-y6 

5.  7uE 

2.853 

: .2 

S.  759 

2.880 

0,  3h3 

1 ? : w'  3 . 

C .2l4,r-:,  6 

C. 2143E-Cb 

5.813 

2.9!  6 

w.!94:'--'6 

5.  857 

2.928 

0.  353 

i7Cwur . 

C .3C6CE-C  6 

_C.’C60c.^C6 

5.  9C1 

2.95? 

' . - 1 « ^ E - : 6 

5.  99*. 

2.997 

_C^_31? 

?2:r 0: . 

^•2_3^55-u6 

_ ?.?3  85c-?6 

6.0“^ 

3.0.t4 

. isq^Or-- j7' 

6.1  Cl 

3.050 

C.  376 

?7  , 

C.l 3^  ’E-C  6 

?. 9467E-:^ 

6.  1 lu 

3,0^7 

u.l6E3c.-''^ 

f . 1 07 

J.09  3 

9.  393  

1 4»'»  :>F-:  6 

. _ C.  1 8 25L-36  __ 

6. 2FC 

3.13  0 

' ':  . 1'9Qwl-  "6 

^.346 

3.173 

0.413 

47?:  *‘r . 

_ _'L*_1_53.7c'-uE 

?.2337i-:6  

433 

3.216 

« ^5  ..^0  6' 

6.  54fc 

3.274 

0.  Lk^ 

u .25*  5£-0E 

C.  ?585£-»-6 

E.  6^7 

3.33  1 

: . ?-,85:  - ‘6 

0.768 

3.3  84 

_ 6j_j  u : o . 

__C.  2 79  C£-C^^ 

C.  ? 390Ej^d 

f'.  873 

3.4'»7 

“ T.  r?^5'^-yf 

b.  97: 

3.^85 

u . 4 8 8 

7^c:  3? . 

*17  3? 

. ♦ :o 

7.0  66 

3.53  3 

0.  312 

40CwC. 

.e 

. E ♦ 0 0 

5.526 

2.76  3 

r . 5 u : ^ 

‘^.5*^1 

2.776 

7 

y.4U5:£-Cfc 

_C.‘.925---6 

5.5  77 

2.788 

y”3p75£- 

5.614 

2.8.7 

0.  32S 

^ W . C 4 • 

C .22'^Qt  -c  e 

5.651 

2 . 8 2 5 

0 . r^TTc  - :'6 

5.687 

?.8w4 

0.  33^ 

- 2 : 3 : . 

C . 19?  ^£-w  E 

193Cl-CE 

5. 724 

2.86  2 

- . 22C  w «■-  *6 

5.775 

2.58  7 

. 0.  344. 

1 ^ c : 0 : . 

C.l‘»7rr-;;fc 

r. 1 875L-:6 

5.8  2*' 

2.91  2 

3 .i'‘>0r:-':b 

5.66: 

2.9  3 0 

_Q*^52 

- _ : j" . 

**„.  2 31  . F-C  f 

C . 23  10^-:  6 

*' . 8 95 

2.9*.  8 

: . 3 . ~ 0 ■ - : 6 

9f  c 

2.982 

0.  367 

:.22?^- -L  

C_.  ?e-9''-L6 

6.  w ’ 

3.016 

: . 1 - - 6 - - n" 

6.113 

3.056 

J • 3 8_5 

_ _3  7Aj:.4w  . _ 

J.l  ‘'9 e 

0.185c'‘“0d 

6.  1 o-' 

3.096 

3 Tiy  c- - :6 

6.2  70 

3.139 

_ P . 4.  3 

j . . 

. .2^655-5  f 

r. ?c65c-:6 

6.365 

3.16  3 

: .21355-  ?b 

^.45“ 

3.229 

0.  42"^ 

5 7 0^3”'. 

'1j_2U  

^ 5 r J 

3.275 

..?::: 1-^6 

_.  

(.638 

3.319 

0. 447  . 

6/0:3':. 

?.2-»7'c.-:6 

0.  ? 377  --'‘6 

6.  726 

3.363 

- . 2 ' . 5 : - : 6 

D.  8*.? 

3.^20 

..  C *474 

— 

.^♦00 

b.  95*. 

3.477 

0.  326 

40''nr, 

.E  fc: 

.F4CC 

5.657 

2.82  8 

c . 29 :?«■-: 6 

5.67C 

2.8  3 5 

_C.129 

5 0 3 00  . 

C.2?«^  7E-C6 

,_C.  25 83 £-0  6 

5.  683 

2.64  2 

- qfuL- 06 

5. 7ri 

2.851 

0. ^^3 

._C  i • 

7^21:-j£-^6 

_ q._2A50L-:6  

5.719 

2.860 

“r.T-^-oT-Te 

5.772 

2.886 
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TABLE  C-4.  (CONTINUED) 


0,320 

4C jOO. 

,£♦0: 

.£♦00 

5,  61.  4 

0,  32-' 

5c:':g. 

j .e^pot-cf 

0,3267p-u6 

0. 5CC8r-''b 

— — 

5.  635 
c,  667 

t •Owe 

2,818 

7 A 7 1 

0,  33C 

7r''o?. 

w C6 

''  •?63e£-:f 

«.  19‘^9P-?6 

’^57681 

5. 6Q5 

_ 0 ji^O  0 2 

2 . 8 4 C 

2_t  84  7 

u • 3 45 

12C‘CC. 

: . 3''80l-C6 

'‘,?575£-C6 

C. 2575E-0D 

5.  765 

5.8  36 

2.88  3~ 
2.918 

_P,_A56 

.IZ.CCOO, 

: .2:’'C  '6 

''.214CP-C  6 

C,_2l_4C£-0  6_ 

5,883 
_ 5.929 

2.965 

2,989 

3.014 

_3jl367 

22CLr... , 

. t?’!:*:-  r6 

C,2nrc.(;  ^ 



’ ‘,979 

6.0  28 

0.377 

2 7 L w u j t 

3,19*^:c“Q6 

?3A  jE-:  6 

0. 21«7t-C6 

6.073 

6,117 

3.C  36 

3 • C 5 8 

!12v_0C.,__ 

. .2^ 

C ,2-»4  ''£-06 

-7i24^u'’-06 

6.23* 

6.  3 4» 

~3.ir  5~ 

3.171 
3.221 
3.271 
3.32  7 

3.3  8 3 

3.434 

3.465 
3.544 
-.3«6C  3 

4.  COO 

5.837 

-O  * **2  6 

j.  45? 

u 7^  f j : , 

‘57::::. 

"~‘''T?'»T"c-T6~‘ 

~r\2^  45i-:6 

:,_2  47  ?p-:  6 

C.  ’52  '<F  -C  t 

G. 24725-C6 

r.  ?528ci-*6 

6.  4 4c 

6.543 

6.654 

0.7  67 



: . ? 1 *'  c - : 6 

.C  . 2 62  : 5 - . b 

’.262UE-C6 

, £ ^ w 0 

6,868 

6,97C_ 

7 . w 8 8 

7,2:7 

_ 

''.T83uf--6 

.£♦0  C 

SPfciMr  ^ 

f).6"3 

NO.=  AL-6R- 

'^YP'.rCr, 

*<2  -CoC  . 

1-.5  vt'LD  ST^fK-r.-Hr  57, 

PTirjc  jc  LCAr=  8,^C 

• E ♦o  r 

-.C  thiCKn‘‘SS  = 
_S7Ri5S  '?ATIO  = 

. E ♦GC 

:.5?8  WI0TH= 

0 .5:7 

11. 674 

0. 

3 J u C c C . 

: .^^95l-L5 

C»3C57e.-C5 

0.  57l8’^-35 

11.939 

12. 2C3 

5.9L9~ 

6.1*2 

_0.679 

: .c  ■»«»: '"-C5 

.C,794  57-_:/  _ 

0,  5945‘^-^5 

12, 397 

12, 5«^1 

67i9’8’ 
6,2  95 

a.  70-^ 

^ rf^i^-^T5  ■ 

u .654  PP-CS 

65s5:.-G5 

12.759 

12. 92« 

‘6.3  8 0 
& • ^ 6>  ^ 

J0l^5 

345 : kj . 

c - :5 

— C •7.117^-0  5 

__,.0. 9110_£-0  5_ 

13, 162 

1’,  3 97 

0,581 

6.698 

6, 3P  6 

L«_0  34 

5.643 

0,798 

3L>C  )CC  . 

j • 1 *647-  :*• ' 

• £ ♦ ' * 

. E ♦:o 

1 0. 733 

14. 3 69 _ 

11. 2 86 

0.5’i 

.Ffc: 

, 5 ♦CO 

J’.6i9 

83cc::, 

0 ,c8iCE- C5 

C.4  21  ’P-C^ 

^O.  4593^5-C5 

11. 516 

11,7  46 

5.758 

5.873 

5.946 

6.023 

6.0  6 7 
6.152 

C.63^ 

8^5C  : ■). 

.‘.9«,.£-  :5 

C,4o?"5-05 

' 11  . 8 96. 

12.346 

0.656 

8 ^ 0 ^ . 

: .w27:l- ':5 

:■  ,4825£-P5 

C. H825t -rs 

I2.I75 

12, 3C  4 

.0, 653 

.0,712 

_ _ 0>5C.OO  . 

_ _ ‘'3cc:o, 

* "'“''E-CS 

17  5 637i  .E  -C  5 

.pjfO  n 

0,_i6:55-C5 

..  . .. /♦-Q 

12. 

12,631 

12,  8''9 

12, 98« 

6T234  " 

6,315 

6.4C5 

6.4  9 4_, 

^.559 

8? JCOO. 

.EfCC 

.£♦00 

11 . 5C2 

5.751 
5.8'69 
5.986 
.6,C  59 

8'»CC0O. 

C , 39''5c-r5 

C.42’3P-0  5 

0. 4542F-35 

11, 737 

11.972 

C .Afleii.-  C5 

12. 1 19 
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BASIC  DATA 


A 

IN. 


N 

CVCI  ciS 


simple 


TABLE  C-4.  (CONTINUED) 

PA/DN  calculations 


SIHPLE 


THREE  PT. 


PAHAGE 

KHAX 


•♦♦♦♦♦ 4^4 

PARAmctER 

DELTA  K 


0«6S3 

♦♦♦♦♦♦♦♦♦♦♦♦4444444*4444444444444^444444444 

9‘*5Cv'*. 

4444444444444 

_?,jy9^-C5_ 

'444444444444444 

_ 12.266 

12.  434 
l?.6tl 

444444444444 

6.133 

6,217 

6.3-1 

n«  6 6 w 

•‘.:ccc. 

" .55201-05 

C.6?4  5£-:5 

O.E?65E-:5 

L . 7 0 , w t - ' 5 

12.  8 H 

'b.4C  8 

0.  T15 

8‘*5CjC. 

^.6  9q_5i-j3  5 

0. ^905E-CS 

13.030 

6,51  5 

■:  .6810--  :5 

!”».  242 

6.621 

C.7-9 

8ScC::. 

.^♦OC 

.^“♦09 

1’.  4*^3 

6.726 

- jiirr.t 

.EfC. 

* £ » 0 P 

ll.t  24*:  _ 

5,871 

" .-»lbJ”-"5 

11.9  91 

5.9  96 

.0,651 

A!c:iQ,  . 

t..35i3E.C5 

,y.  2867*^-C5 

12.  24? 

b.l21 

- .22£"c-  •‘.5 

12. 3G9 

6.155 

0*662 



C *354  C E - 

— O.  3.64.0 i-C5_ 

12.377 

6,188 

u .-n  j--^5 

12. 524 

6.262 

ut  686 

81.  c'  r**. 

C.5uqri-^S 

Oj  5 4 9C5.-  . 5 _ 

_ 12.672 

6.336 

0 .F  i3:l-o5 

12. sec 

6.430 

. 8 ^5  ^ . 

0 .6J7*;«’-0  4 

0. f 375C-05 

13. 048 

6.524 

- ?5 

13.253 

6.o2  7 

_0.7  5V 

yz 

..c.^C  " 

• ^.♦00 

1’.45Q 

o . 7 2 0 

SPtClrttN 

NO.= 

.5  Y 1 1 L ■)  E T t . 1 

.GTm^  57. ju 

thi^km  :s  = 

j.Sc3  ►iTTM 

~ *•  • w J l* 

SPECIMEN 

TVFl=C^.  i-AnI 

L ^ i T 4 •_  3 £ L 

lw4c=  ll.EOw  1 

Tk.S-  fvAT  IC  = 

w . 5 c 0 

■,3.t79q 

« 

.£♦0 : 

.£♦00 

2C  . 234 

10.117 

: .21«5l-Ch 

20.437 

10.218 

•92"  . 

3.2^5''£-04 

ri2  3.5.7E-r4 

20. 639 

10.320 

' 3.t-:4 

2C. 977 

10.439 

- 9t8>6 

:c,_ 

C.28? Jw-04 

3 . ? 8 20  E.rC  4_ 

21 . 1 15 

10 ,558 

o.7ti':--';4 

21.413 

Iw.  70  7 

0*877 

854  • "l . 

C .292*  E-w  4 

2928e--4 

21 . 7 12 

10.956 

s.  .2''-»uc-Ch 

21. 9*^9 

10.990 

u *9  0 •• 

865:u,._ 

C .294?t-C4 

2 942'--C-_ 

22. 24f 

11.123 

".''155L-'.4 

22. 563 

11.2  91 

0*9?6  _ 

156U0._ 

.r.84l*^E-C4 

22.  8 *0 

11.440 

:.7b’rc-rir“ 

23.259 

11.630 

85  7''C  j. 

. Y59?t-C4 

r. 3592u-"4 

c7. 639 

. 11.82  3 

' . "*5  " f - C4 

24.  0 15 

12.0  C7 

95  8.:0c, 

r .4?7-^c.-L4 

3.  i-377t-w4 

?t. 391 

12.195 

24,995 

12.478 

1*058 

0*^9"  1?* 

r.4  76  ‘*t-&  4 

_ 0. 4768r-:4 

25. 52C 

12.760 

* .4-90^- C4 

26, 

13.025 

j.-  • 

C .55r  8r-^*, 

: . £ *^-8^  -04 

26.562 

13.291 

* 

2". 4 ic 

13,705 

_1*16S_ 

8^1riC. 

^.7"335-m4 

_ 3. 8342t-"4_ 

28,  239 

14,119 

' .88. JC-  . C 

28.  84?' 

14,421 

■(  f'w. 

''.®“w«'’-04 

. 3.91?3c-14 

29.  446 

14,72  3 

r.i"i?c-cj 

31, 9C9 

15.955 

1.  864 

8-5^ . :c. 

...  •‘"♦CC 

34. 37? 

17,1 96 

C*7?? 

■5  1"K. 

.E*0G 

.£♦30 

18, euf 

9.423 

G . 19i5£-r4 

19.  C 17 

9,5  09 

_5f 741  _ 



rjl98yE-C4 

0.  1 985£-’'4. 

19.  1 68 

9.5  94 

'T'.iZzsi- C4 

19.  372 

9,686 



__.C,10  9:£-_n_4  ... 

54.2^99  v-0  4 

19.557 

9,779 

C.2l2‘5t-V4~” 

19.  7'9r 

* 9.875 

9.7*3 

P‘‘‘.cwC  . 

_?.f?j46i 

19,943 

9,972 

j .1 9u5f  - £4 



20,124 

'l  0.0  6 2 

_ C..177'C-v4 

0. 1775C-C4 

2C. 3C4 

10.152 

'o'.lT-rE'- 04 

2C.451 

10.226 

818 

_ 83E.:.%. 

_c.2:-4  *e-04 

P,2G4Cc  -C4 

20,5  9E 

10.299 

T.'’i*qr:-y4 

20.  8 3’ 

10.416 

0*  843 

*r  7^  1 •»  , 

r.?«=i  *^04 

•*,  r5i8c;-'‘- 

21,  0 67 

10,533 

21. 3:9 

10.655 

_ Of  069  .. 

. _ C...2_34?j^-t  H 

0. 234?C-n4 

21. 55^ 

10 .7  76 

~ . ^Ti*^  ~ ~ 

21. 76: 

10.880 

. Cf  8qj  . . 

8L9.  jv  . 

C.256’'^-C4 

0. 2567--C4 

21. 969 

10 .9«4 

' .2  oqo'^-Cs 

22. 265 

11.1 33 



5.25C0r-w4 

0.  2«:.7£-»'4 

22. 561 

XI , 2^  3*  J.  - . 

- I9r-:^ 

22. 76*^ 

11  .38  3 

0*94w 

. KH. 

t .2-1  ■'E-0  4 

0. 28i9E-:4 

i?f909 

11.485 

C4 

e'*.  1 35 

11.567 

.0.956  . 

0 1.32141  -14 

23,3:r__. 

11.65- 

" .2197E- C4 

23.8CP 

11.90  4 
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TABLE  C-4.  (CONTINUED) 


♦♦♦♦♦♦♦ 

BASIC  DflTfl 

A 

IN^__ 


PA/uK»  ca  LCULAT  ic»gs 

SIHole  Tmree  pt. 

-SLQf'JliPJ PI  V.DIFF, 


SI^-PLc: 

_-3_LQPF.L^L 


DAMAGc  PAP A M c T E R 

KMAX  DELTA  K 


.1.054 


. --ru 

‘*t  wluD  , 


w.?-^Fr£-L. 


._  tij^oo 


0.768 

8‘=i:Ci3. 

.t«-90 

.£♦00 

19.  67? 

9.8  36 

e»^2:0w. 

:..?i4jE-  C4 

0.209 5w-r4 

w. 2C95--34 

19.'0f7 

20.062 

^ 9.93h“ 
10.0  31 
1J.126 
i:.22r 
10,3^0 
10.440 

0.  ein 

8 5 •> : n ^ , 

c .?-nt-C4 

270  5^-0*. 

:.  22t5E-r4 

20.251 

2: . 44C 

:.  5^3 

« 5 , 

.2?^  jP-C4 

0 .2‘»"5'"-"4 

C.?375£-C‘* 

2C.661 

2C. 861 

._0*®_5Z 

955“%, 

j .2»9jc- C4 

C.2^75£-34 

?.  2''35£-?4 

21.  ire 

21. 334 

*13.554  “ 
10  .Et  7 

__C^8  8w 

8 r 

' .2’*^: w- c** 

3.269 iP-0^ 

c 

21.  554~' 

21. 774 

10.777 

10.887 

0.  911 

a*-?:::. 

. ’UJc-':4 

•*  .3%  Ft-74 

:. ?045c-C4 

22. 079 

22.  38’» 

il.C  3 9 
11.192 

u.  941 

o5  8 ! ! " . 

^ - '4 

C.313'^.-C** 

r. 7i33r-w4 

22. 685 

22.  9 87 

11. 3-3“ 
11.493 
11.66  ^ 
11.833 

12.0c  3 

12. 1 7 4 

0.  974 

859.'3j. 

C C4 

t.3t'»-«‘-v.4 

•;  , ?23'':-'*h 

23.  32f 

23. 6 6f 

24,  CCE 

2h. 347 

1.  0C5 

: .31 “5F^'4 

r .3-*w  :e.c4 

?.  34u‘'£-C4 

-irCJi?. 

aeu  j:. 

^ . 3(  q5«^-  0“ 

—L*  4_ 

3 , m118^-: 4 

24, 757 

25,166 

2*^,  414 

£5. 662 

12.3  7'8“~ 
12.563 
12.7  0 7 " 
12.831 
13.373 

13 .9  C 9 

1.  064 

“ c A . 

: • :':l-':4  ~ 

_ >_  4 

0.  4714'  -r.u 

1.  152 

C 

c .5^85=:-:  c 

0 . S 3 46t  -C  4 

Ys.fuC 

27, 919 

9^4^_;;_,_ 

- lu 

.PjfL  ' 

2*^.  556 
?9, 293 

1-.278 
It. 6.  *.7 

9.  65b 

0.770 

65lLii^. 

.£♦00 



.£♦00 

19.711 

0.769 

852c03. 

u. 191Cl-u4 

0.21‘.8l-C4 

3. 21h6l*u4 

1 9 . 8b  E 

2 J . 06  u 

9.'9u3 

1 J . C 3 u 

0.  A13 

6530  jO  • 

i,  •2365L-C4 

0.2327F-0h 

0. 2327t-j4 

£0  . £b  c 

2 j . 7C  u 

1 J . 1 4 r 
U . 2 5 u 

0.636 

65*»C0  J. 

t.2270w-w4 

1 

aJ 

1 • 

1 

j.2Hy2L*.4 

~ ~~2T.7ir 

4^.92*. 

1 - • 3T  D~ 
13. 4c2 

0.  661 

6 35  w J C t 

0.25  35(.-Ch 

0.2752t-Cw 

«.27^2j.--4 

21.  U = 

21  , H.  t 

* J • i 0 3 
^’^.7^3 

0.691 

6 3 b k 0 j « 

u.2970t-:4 

0.  3jL8c-C4 

0. 3C07c-04 

^ 1 . •» 

21 . 2 

6-7 

10.9^1 

0.921 

857:03. 

u.  JC*»5c*t4 

j.  3t  c3l-04 

t . 3c  0 3l-0  4 

2 2. 2^  J 

2 2 . 3 0 5 

11.142 

11.293 

0.951 

6 5 8 C 0 b . 

y.29t::“^4 

w.29l2£-C*. 

-.  290  2t  --4 

22. at  7 

2 3. loa 

11 . 4s3 

1 1 * 5 V o 

0.979 

659u0.. 

-.26‘.5l-w*. 

0. 3290£-Lh 

c.  32SCi.  ”u4 

2 3.  4tT  ^ 

2 3 . 7 b £ 

'1177  4 2 ■ 
11.691 

1.016 

660  U u j • 

0.37  5T.~Ch 

O.M'.tfc-u-. 

J • ‘«465--0h 

2-.7T£'1 

2h. 5t  b 

12.292 

1 2 . 2 94 

1.C69 

6 6 1 w L J . 

. l.v235i-,4 

4325L-.4 

^ a.  « 

2a  . 77  3 

1 2 . 0 c 

1.C66 

6615C.-  . 

C.  3t5  / LL“w*. 

-.32l5ii-gw 

..  43lbw“‘.4 

2 4 . 2 2 hj 

13. c77— 
13.11-: 

1.173 

6 6 3 u u : « 

o.56t3^-i** 

J • 5 8 fc  5 1.  - 0 *. 

0.  5'i39L-j4 

28. 37  3 

l*3.ral 
IH. : b 7 

1.241 

66 H 1 j ^ . 

w .ei-.: .- ... 

. w ♦ O .. 

. t ♦ « t 

2 9.  52  H 

3c  .27t 

1-. t 

1 P . 1 3 3 
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TABLE  C-5.  FATIGUE-CRACK-PROPAGATION  DATA  FOR  7475-T7351  AT  R = 0.250 


SPECIMEN  MO.r  vTFLO  S7.C0  THIC<NESS  = 

SOECIMFN  TvocrfC,  maximum  <;T9FSS  OP  1041=  ?.iqO  STPFSS  PaTIO= 

!-  BASIC  OATfl  _ _ _0A/0N  CALCULATIONS 

;/  SIMPLE  ■ SIMPLE  three  PT. 

;IM.  CYCLES  „.SLnPE{a)_  SLOorCP)  OIV.OIFF. 

•♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

3 . 556  J«<*1C00  3 . 


0.530  WlOTMr  6,030 

3.250 

DAMAGE  parameter 
KMAX  delta  K 


0. 630 

0.772 

0.950 

_5j,  710  nj . 

6471CC3. 

7471CC0. 

r . 1 328E- 06 

' c7l4r9E~06' 

0.“r7  8 0E-06’  “ 

0.1387E-06 

0. 160CE-06 

0, 2204E-06 

. C w u 

0. 1 361E-06 

C.  1500E-C6 

0. 2204F-O6 

1.213 

1. 644 

8471000. 

P471000. 

0. ?627E- 06 

0.43C5E- 06 

0 . 3466E-06 

.E^OC 

0. 3466E-06 

.£♦00 

0.562 

491C00D. 

. E^O  (J 

.£♦00 

0. 581 

S 4 7 1 0 C 3 ._ 

C. 3360E- 07 

0. 3239E.07 

0. 3276F-07 

0.612 

0 . 649 

64710C''. 

’471CC3. 

”Tr3l25E^07 

^.’l6  75E-07' 

0. 3400E-07 

0. 2615E-07 

0. 3400E-C7 

0. 2615F-07 

565 

0.669 

8471000. 

9471000. 

C.  15*^5E-  07 

C.244'CE-C7 

0.  1998E-0  7 

0. 1998E-07 

.£♦00 

0.627 

491CCCI  3. 

.E8o: 

.£♦00 

666 

54  71000  . 

0. 6952E- 07 

0. 5852F-0  7 

0.6  335F-r7 

J . 719 

.6*1^.10  0^ 

C.5235E- 07 

0. 6255F-0  7 

0.6255E-07 

0.791 

74  7 1 00  : . 

0. 7275E- 37 

0. 5040E-07 

0. 5040E-P7 

0.820 

8471003. 

C.2805F-C7 

0_^3M3F-r7 

0. 3692r-C7 

0.865 

94710C3. 

*!.  45  85e  - 07 

.E800 

.£♦00 

0.49  3 

491  00  00  . 

.£♦00 

• £♦00 

3.226 

3.342 

3.457 
3.669 
3.  552 
4.143 

_4. 40  4 
4. 5 31" 
5.198 
5.96C 
6.72? 

3j,^6_ 
3.276 
3.305 
3.  354 
3.40  2 

3.458 
3.514 

’3.538* 

3.561 

3.598 

3.634 


3.44  8 

3,50  7 ■ 

3.566 

3.645 

3.  723 

3.830 

3.938 

4.023 

4.087 

4.155 

3.026 


► ♦ ♦ ♦ 

2.420 

2.506 

2.593 
2.  752 
2.91  1 
3.10  7 

3._303 

3.60i‘ 

3.899 

4.470 

5.04? 

2.435 

2.457 

2.479 

2.515 

2.551 

2.594 
2.636 

■T.653 

2.671 

2.698 

2.726 

2.586 
2.630 
2.675 
2.733 
2.792 
2.873 
2.95  3 

3,015 

3.066 

3.116 

2.269 


J)«  494 547  U 0^  . 

0.495 

0.496  7471C03. 


C.95CCL-C  9 
0. 85C0L-09' 


0.  11656-0  8 
0.9CG0E-C9 
0.3213E-C7 


3.  ^3696-08 
i.JiOeCE-39 
L. 16496-07 


3.027 

3.029 

3.C3C 

3.032 

3.033 
3.035 


2.270 

2.272 

2.273 

2.274 

2.275 

2.276 


0.592 


94710  OJ  . 


C.**777E-07 


.£♦00 


.E^OO 


3.166 

3.336 


2,390 

2.504 


SPECIMEN  NO.x  AL-2-1-.25  YIELD  STRENSTH=  57.33  THIC<N£SS=  0.520  HIDTHr  6.0i0 

SPECIMEN  TYPE=CC.  MAXIMUM  STRESS  DR  L3AD=  2.530  STRESS  RATION  0.250 


0.  463 

1908000. 

.£♦00 

.£♦00 

3.130 

2.34  7 

d.7l20E-C7 

“ 3.250  ' 

7T4  37 

0 . 554 

2939000. 

0.  3972E-0  7 

0. 3872E-07 

3.370 

2.52  7 

0.6250E- 09 

3.  380 

2.535 

0.561 

3909000. 

0. 2902E-07 

0. 2902E-07 

3.  390 

2.54  1 

0.4980E-07 

3.471 

2.604 

_C[.613 

4908000. 

0. 4765E-07 

0. 4765E-07 

3.55? 

2.664 

0. 4550E- 07 

3.625 

2.71  9 

0 . 656 

5909000. 

0.5375E-07 

0. 5375E-C7 

3.698 

2.773 

I3.6200E-07 

3.  795 

2.845 

0 . 718 

6909000. 

0. 7277E-07 

0. 7277E-07 

3.892 

2.919 

0. 8355E- 07 

4.021 

3.016 

_ 0.802 

_790J000. 

0.938  7E-07 

0.  84  79E-07 

4.153 

3.113 

0. 8511E-07 

4.184 

■ ■ 3.138 

0.824 

9170000. 

.£♦00 

.£♦00 

4.219 

3.1  64 

0. 461 

no  9 0 00^ 

.£♦00 

• £♦00 

3.  051 

2.28  9 

’0r8740E-  07 

3.  20  0 ■ 

2.400 

0 . 546 

2909000. 

0.9520E-07 

0. 8520f -07 

3.  349 

2.51  1 

0.S300F.07 

3.493 

2.61  ? 
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TABLE  C-5.  (CONTINUED) 


BASIC  OATI 


A 

IN. 
0.631 
0.704 

o.noi 

0. 920 
1.079 

1.  131 

. 0_.  467_ 
0.540 
0.626 
0 • 70  5 
0.610 
0.946 

J.  • 1 1 

1.173 


ZrZlFS 
3906000. 
4906000. 
5906C00. 
6906000. 
7903000. 
6170000. 
1905000. 
2903000. 
3903000. 
4906000. 
5906000. 
6905000. 
_7  9 0 6 0 0 0 . 
6170000. 


oa/on  calculations 


simple 
slope (A) 

simple 

SLOPE  (t>) 

THREE  f>T. 
01 V. OIFF. 

0. 7275E- 07 

0. 7763E-07 

0.7766E-07 

C.9750E-C7 

0.9512E-07 

0. 6512E-07 

C . 1165E-C6 

O.lOSOE-06 

0. 1060E-06 

0. ISqiE- 06 

0.1 366E-06 

0.  1 366E-06 

C. 1979E-06 

0. 1672E-06 

0. 1599E-06 

.E^OO 

.EfOO 

0. 7290E- 07 

.£♦00 

.E^OO 

0. 6640E- 07 

0. 9065E-37 

0. 6365F-07 

0. 7665E-07 

0.3262E-07 

0.6262F-07 

0. 1051E-06 

0.9097E-07 

0.9397E-07 

0. 1362E-06 

0.1207E-06 

0. 1207F-06 

0.1716E-06 

0. 1539E-06 

0. 1539E-06 

¥.'20  9?E“  06 

0. 1794E-06 

0.2) 14E-06 

DAMAGE  parameter 
<MA)(  DELTA  K 


3.616 
3.733 
3.646 
3.996 
4.149 
4.331 
4.51  3 
4.759 
5.006 
5.059 
5.171 

3.072 

3.197" 

3.  321 

3.455 

3.609 

3.733 

3.651 
4.014 
4.176 
4.335 
4.594 

4.652 
5.130 
5;21F 
5.306 


► f ♦ ♦ 

2.714 

2.603 

2.666 

2.999 

3.112 

3.245 

3.364 

3.573 

3.755 

3.616 

3.673 

2.304 
?.397 
2.491 
2.599 
2.737 
2.797 
2.666 
■^.C13 
3.1  3? 
3.269 
3.445 

3.646 

3.647 
3.913 
3.979 


0. 460 

1903000. 



.E^OO 

3.349 

2.236 

0.623 

2933000. 

0.l660E^d6 

0. 1424E-36 

0. 1424E-06 

3.32? 

3.636 

27¥9  5~ 
2.706 

0.  745 

3933000. 

0. 1 166E- 06 

0.1226E-06 

0.1225E-06 

3.792 

3.975 

2.644 
2.96  1 

0.673 

4906000. 

0. 1263E-06 

0.  154 2 E- 0 6 

0. 1542E-06 

4.172 

4.  359 

3.129 

3.2  77 

1.053 

5903000. 

0.16  0 IE-  0^ 

0. 1972E-06 

0. 1972E-G6 

■i.;64T 

4.925 

3.466 

3.694 

1. 267 

6906000. 

0. 21 42E-06 

0. 3157E-06 

0. 3157E-06 

5.27? 

5.618 

3.954 

4.214 

_l  . M4  _ 

_790  6 0 00. 

0.4171E-06 

.£♦00 

.E^OO 

6.  414 

7.210 

4.610 
5.40  7 

SPEC  1 hi N 

1-.^  Yltt-  -TfvC-l 

.GT  H=  iJT 

jC  THiCKiaGS  = 

li.Et'j  kIClH  = 

H . ww : 

_SI^CJMLN 

TYFt:=cc.  f-; 

XlMUr.  GT  k,  SL  Ck 

Lv-»**L.=  L.wwO 

SlkLSS  fvA11C  = 

C.25G 

0.329 

3ocj:. 

• t ♦ uO 

• t ♦u  C 

6.  2L  7 

4.615 

0.367 

6Ci  c Uu  • 

o.74fi3L-Cb 

0. 7d5CL-0e 

0.  6‘*l5l-w6 



t*  17  7 

4, 79h 

h.93  3 

0.364 

lu J L GO  • 

t.6775t-.6 

0 . 7 ttdSL-u  o 

C. 7656L-ub 

c » oi  2 

c.  747 

h.991 

5 . C 5 J 

0.396 

1 2 3 w C j . 

t.7'0CC'L“v6 

0.6b75t-Gt» 

w.  fcfc75t.-:  t 

6.611 

6 . d 6 w 

>•11. 

5.15. 

0.411 

1 H J L 0 u . 

o.b35Gw-uo 

u.7l87t-CL 

u. 7id7L-G 6 

o . 94  u 

7 . . 

5.2G5 

5 • £ a 

0.427 

16  jc : j . 

o.5G25t-c6 

w.d9l>>L  — fc 

c.  691  3l— 

TTTTb 

7.iii 

5.3i  7 

5 • 3 c 3 

0.447 

1 6 G c J u • 

o.935Gr.  - G6 

u. 9351L-G6 

TVTTrr- 

7.  334 

t;'4tz — 

> . ' c G 

0.465 

2 C b L C w . 

t.b9<.w4.-J6 

^ • 9o25L-t  c 

0. 9e25t.-c6 

T:  LiTb 

7 . -*9  h 

6.552 

p • t 2 3 

0.465 

22uC  J j. 

0 . 1 C 35w*  G 5 

W. 1UL7L-.5 

1G«  7t-t5 

77193 

7 . be  7 

5 • t 

5.755 

0.5C5 

2hG  C u ^ • 

0 • 96G  ui  - Gt* 

w.1j99c.-u5 

j.  lw99L-t5 

/ • / 7 7 

7 . «*  t b 

5.632 

5.  <•  99 

0.529 

260 wwu. 

G.  IIl.51  -C5 

C).  1 1 tit  -uE 

ttitt; 

6 . G c t 

5.982 

6 . t t 5 

^.55  2 

2 6 J u j 0 • 

G.  Ili2--t  5 

0.1-4.7L-G5 

t.lvH7i-w5 

ETTIT 

6.2^7 

D . 1 K Z 

6.21; 

0.571 

3 0 J G J J • 

w . oG  5»  - t G 

GO 

.L^OC 

6.376 

6 . 4t  4 

0.252 

0.340 
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TABLE  C-5.  (CONTINUED) 


BASIC 

►♦t4444444444444444f444444444444444444444444444444444444444^ 

DATA  DA/ON  CALCULATIONS 

► 444444444444444444444444 

LAMAGL  PAKAN.tTtK 

A 

IN. 

CYCL6S 

SiNFtC 

SLCK  U) 

ST^l 

SlCFc  (F) 

TH^lL  PTi 

01 VaOlFFa 

KHAX 

DLLTA 

0.322  iOCOj. 

.4444444444.44444444444444444 

44. 444444444444 44i 

al^OO 

► 444444444444444444444444 

Cal3D  '.a6t.2 

0.37S 

6 J C 0 j • 

G.lC56t-i*3 

Ua  10136-G5 

Oa  -Go 

ba  3G7 

Oa  cG  6 

4. 994 

a. 393 

1 it  J C 0 0 • 

^«a9w5Ct  ”c6 

Ga9>'Lw6*L6 

3a  9:^wwt  -wb 

t.Tb!; 

b a &3  2 

b.rG9 

y a 1 2 4 

0.413 

120t  3J  . 

J a^SGUc-^TT 

Ca9HhfacJ-LG 

Oa  9*abbL”'^b 

6 a J2  o 
'/  a w 2 1 

5.1m 

5 a c 1 O 

0.431 

IhJCl  J • 

u a 2bc- 0 6 

Oa^lwlL-bt 

Ja  Slw.k  -w  t 

7 a IcG 

7a 

T737^ 

y a 0 V 2 

0. 450 

1 6u  C J u • 

Ga9l75i 

Ja  3<;l2c-w  to 

u.e212.-wt 

■“  -7.2TV~ 

7 a J*-  w 

G . ^ G C 

G . 2 w 

0.464 

1 6 C ki  0 w • 

Ua72lb>-w6 

Oa Iw t5L-C5 

Ua  IC'oGt  “LG 

7a.tc7 

7a 

7c 

5 a t t:  1 

0.492 

2 J u L C J • 

C.l**c5c“.:j 

walibCC-wG 

wa  llbDt  -t  G 

7 a tc  i 

7a  7‘  1 

t a 7 1 7 

5 . r ; 3 

0.512 

22Jlw J. 

- aSc/G:.-  .6 

wal2l5i-u5 

wa  IclGt-wG 

7 a L3p 
'i  *^c7 

■p  a C 7 r 

P a 9 - G 

0.541 

2 H c Ct  o • 

V a 1 c3t  • G 5 

C a l>2!>£."t  t> 

Ca  lGwtu--G 

C a w r ^ 

•i  a IS? 

O a . *•  4 

O . 1 4^. 

0.573 

26Jc . 

walGo7l.-»,5 

O'a  176  2£-.G 

Ca  1 7t2:  -wb 

■»a  " 

3 a -7  r 

0.2*1 
c . 3C  ? 

0.611 

2 d U L J w a 

T'a 

wa  l';>lGt-C 

Oa i91c.-wG 

0a£rc 
•r.  r2  7_ 

d . - f i 

0 a C £ J 

0.649 

3 J vt  Ll  C w a 

LalcJL2.--t5 

aLUC 

a t ; 

3 ^*5^7 
' J1  „ 

U.7  - 0 

C a t < C 

0.332 

3CU03a 

a L ♦ 0 C 

a 1 ♦Ol 

6.236 

Hat  77 

0.  366 

dCOCtOa 

G a li«. 

W. 113bL-CS 

Ca Ilb3t-LG 

t a w L t 

t a 7?  t 

4 a f 79 

6 . b 6 2 

0.412 

1 0 j b U U a 

Ja  i2:5_-c  C- 

OallblL-ub 

UallGlt-Ob 

7.  w.  7 

T.  1 1 ^ 

5 a 2 " G 

0.434 

1 2 J L'  u J a 

CalCo6l*u5 

ba79fibL”Lt 

Wa  7 9^  7t  -L  0 

7 a lb  "J 

7.211 

3 a y 3 

P a . fe 

0.444 

14k:  ja 

ca5lCuc*c6 

J adbSwt-ce 

Ga  6bGbL*uF 

7.2?  ■■ 

7 a it  t 

P.WW-. 

P a 4 i 9 

0.466 

16  J C 0 J a 

Ca  122CL-b5 

0 a 11  e 9C.-C  £ 

ba  1 Itbh  -CG 

7m  c 

7 a «=  3 1 

77T7*. 

P a t - 9 

0.491 

IdDGuwa 

.a  liieb-. 5 

wa  illLL-bb 

wa  1 llCc-wG 

7 a c3  3 

7.  73  ‘ 

T .T7  IT 

p . f L 1 

0.513 

2 w J ^ b J a 

wa 

wa  iJLjt-bG 

wa l3swL-tG 

7 a r.  3 G 

7.S5b 

G.  f 77 

P a 9 1 2 

0.54H 

2 2 J V U 3 a 

Ga  U 77^-bb 

b a it  t '•t  •!.  V 

Ca l62st-^5 

0 a C 7 

5.  2c  1 

O a C £ 9 

6 a 1 1 t 

0.576 

2^ J w ! t a 

t a lb7Cc.-LG 

-a 17G  G 

ba  l7:,fcc”wG 

6 a J f * 

3 a C2  2 

6.27  5 

t a 5 £ 1 

O.eiH 

2c  3 L j . a 

wa;0‘*3c-t5 

-a  2iUOC-wl 

wa  25*.Lc-wG 

C.  a C 6 6 

* a cC  ^ 

C a £ It 

P a C - 1 

0.671 

2 3 0 U J l!  a 

m rGic-t  P 

ja3‘*CbL“LG 

Ca  3wr, t:-Ci. 

v • 1 i t 

J.  <7  1 

C a H 

7 a c : G 

0. 753 

3 j 3 w U J a 

Jatwb3w-v^ 

a : ♦ c 

a t ♦ W C 

J a 7 w M 

1 w 

" 7aTim~ 

7 a £ V - 

0.326 

30C  u:  a 

a C ♦ b 0 

a L 40C 

C a l7  u 

4 a 6 2 0 

0.  364 

dOUOJ  a 

La  75SCc-b6 

0aJC29t-0t 

ba ii2Gl-:g 

c a 3 G b 

O a p*.  ij 

•a  a 7 C 0 
-a.  9w  9 

0.369 

lOObOCa 

b.  1272C--5 

0a97Gbc-G t 

ba  97pwt-0b 

b a ot  b 

0.791 

?^a  L C 1 
p.  C 93 

0.403 

1 2 j ; 0 : a 

w a tT  7 G L - w 6 

0a3725;L-to 

Oa  S72PC -w6 

t a 6 G > 

O a ^c  w 

G.  l4i 

5 a 1 9 w 

0.424 

1 H 3 j G C a 

Ja lCt7c-G^ 

w a 11  L iL-t  5 

wa :iw It-CG 

7 a b 2 W 

7.121 

p CT  c G 
P.3-1 

0.447 

163L  Cv.  a 

Gall3GL-C5 

W a 1193E-G  5 

3a  ll'j?!  -.G 

T;2rF 

7 a j5  2 

P a *•  7 L 

P.499 

0.472 

1 6 b L L w a 

ba  12cGl*’C5 

-a 1277L-Li 

ba 12771 -wb 

T a 4**  8 

7.  ‘wLw 

P a r G O 
Pat  7 3 

0.496 

2001  Ob  a 

wa  129  5c-G-3 

b a 1 2 2 6 £ - C G 

Ca 12261 -lG 

7 a 1 1 3 

7 a ab  1 

p .7  1 2 

Gat  GJ,  _ 

0.521 

220L0Ga 

taiirbl-wG 

Wa  Icblr.  - tS 

Ja 1 2611 -W  G 

7.9wt 

b a w 1 1 

P a 9 2 9 

U a W C 6 

0.549 

2i.jbi::  a 

wal*-«5t-!  5~ 

wa  1317F-. G 

Lal3i7l»l.G 

d a 1 3 i 

6 a 2t  G 

ba  l e 3 

O a 1 9 C 

bal25Ci.-tG 

3.  5/  p 

O a C C 
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TABLE  C-5.  (CONTINUED) 


BASIC 

DATA 

CA/ON  CALCULATIONS 

OAHAGl 

FAF  AMlTcF 

A 

IN. 

N 

CYCLES 

SIkPlc 

SLGFc  (A) 

STHFIt 

SlOFc (P) 

THk.cc.  ft  . 

01 V.DIFF. 

KmAIT 

DTii  * 

o.e>74 

♦ ♦♦♦♦♦♦♦♦♦♦ 

2djc4w«  j«1324L*C5 

444444444444444444 

0. 1324l-l5 

44444444444444444444444 

ft  C Ot 

0•6C^ 

2 6L  L C b • 

b.lc*.6t-C5 

C.  l'i‘4e!  -tS 

3.61*. 
t.  7*.2 

6 . 4 C 1 

t . 5 5 b 

0.t^7 

3 J 0 L 0 j • 

c • 2 27  1 1 - . 5 

. Lb 

. t ♦ b b 

8.  S-.T 

9.  15  3 

6.7ii 
b . 6 b 5 

Tp£(^Ime“n 

~NOr=“  Al -T-1 

ti-.2  YI-.LO  CTfvLf.GTHr  67. C 

0 THlCKhcSS= 

0.528  610TH=  A.OOL 

SPLClr.EN 

TYFt=CC.  h*. 

xiruH  su^ss 

Lk  LiJAls  6.CC0 

STRcSS  -<4116=  C.25 

b 

0.571 

3C-IC-. 

.EKO 

.£♦00 

11.28t 

8.  be*. 

0.752 

32Ju JQ. 

w.9G;i2--u5 

C.9994C-C5 

:. 1452E-b4 

12.365 

13.H8t 

'i.  2 o9 

1 J.  1 1*4 

0.606 

3235CG  . 

w.  15-49.--*. 

. t ♦ L b 

. t ♦ L 0 

1 3 . 62  9 
1*4.  17*: 

IJ . 3 / 1 

1J.E29 

0.649 

3 0 C L u 0 • 

.£♦00 

.£♦00 

12.  223 

9 . 1 f.  6 

0.962 

32JC  JC. 

0 • 1 5t4L-t  4 

0. 1911C-C  4 

0.  35‘46L-:4 

1 *« . 25  0 

16.292 

1 J . b 9 3 

12.  Cl'S 

1.096 

32350'-. 

b. 369tt-CH 

. -1  ♦ 0 C 

. £ ♦u  b 

1 7 • 3.  3 

16.  *41*. 

3 a C 1 5 
13.611 

0.753 

29'^9wC  . 

.£♦00 

.£♦00 

13.510 

10.125 

0.753 

3 J 0 C G 0 • 

• L ^ C J 

W.2424C-C4 

C.l2l2t-b6 

13. 3. b 

13.5.  : 

i3.i25 

lb. 125 

1.24C 

32b'C0o  . 

0.243 6l-Gh 

.£♦10 

.E  ♦jO 

TT.  2Tt 
21.052 

rr.557’ 

13.7  69 

0.647 

3 0 J C 0 J • 

.£♦00 

. t ♦DO 

12. 2b  A 

9.153 

0.699 

3 2 0 b C j • 

b . 125  8^-0  4 

J.  1-454E-C4 

w. 2376E-w4 

1 3 . CL  c 

15.*..  7 

1 j . 3 5 4 

11.555 

0.969 

32350G. 

o.257lL-b4 

.£♦50 

.E^bC 

16.  .49 

1 6 . o9  1 

12. C 37 
12.516 
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TABLE  C-6.  FATIGUE -CRACK -PROPAGATION  DATA  FOR  7475-T7351  AT  R = 0.100 


SPECIMfN  N0.=  •L-l-l-.l  YIELD  ST?EN5TM=  57.00  IHIC<MESS=  0.5E0  WIDTH:  fe.JOO 

SPFCIHfN  TY(>f  = CC.  HAKIMUH  STRESS  OR  LOAD:  J.OOO  STRESS  RATIO:  0.100 


BASIC 

DATA 

OA/ON  CALCULATIONS 

damage 

parameter 

A 

N 

sihplf 

SIMPLE 

THREE  PT. 

<MAX 

OELTA  K 

IN. 

SrCLFS 

SLOPE  < A) 

SLOPE  CP) 

01 V. DIFF. 

♦♦♦♦♦♦♦♦ 

0.517 

_1_50  0 0 00. 

_ .E»00 

.£♦00 

3.  896 

3.506 

0.1255E-06 

4T1)21 

T.TT^ 

0.580 

2000000. 

0.1 398E-06 

0.1398E-06 

4.  145 

3.731 

0.1541E-06 

4.294 

3.864 

0 . 65  7 

2500000. 

0. 1609E-06 

0. 15096-06 

4.442 

3.998 

0.1677E-06 

4.599 

4.1  39 

0.741 

3000000. 

0. 1967E-06 

0.  1963E-06 

4.  757 

4.281 

0.2253E-06 

4.96  7 

4.L70 

0 . 855 

3506000. 

0.2191E-06 

0. 2163E-06 

5.177 

4.660 

0. 2101E- 06 

5.31  3 

4,782 

0. 

3856000. 

0. 2214E-06 

0. 2180E-06 

5.448 

4.90  3 

0.22936-06 

5.661 

5.095 

1.043 

4356000. 

0. 2973E-06 

0.29736-06 

5.874 

5.286 

0. 3653E- 06 

6.225 

1.226 

4856000. 

0.4222E-06 

0. 4863E-06 

6.576 

5.919 

0.5432E-06 

6.837 

6.153 

1.  354 

50B1000. 

0. 7514E-06 

0 . 85  89E-06 

7.097 

6.388 

0.1067E-05 

7.463 

6.717 

— _ 

. 5246000. 

.£♦00 

.£♦00 

7.829 

7.046 

0. 50  4 

1500000. 

.£♦00 

3.842 

3.458 

0.1393E-06 

_ 

^.981 

3.583 

0 . 574 

2000000. 

0. 1488E-06 

0.  14886-06 

4.12C 

5.708 

0.1584E- 06 

4.273 

3.846 

0.65  3 

2500000. 

0. 1652E-06 

0. 1652E-06 

4.426 

3.98  3 

0.1720E-06 

4.588 

4.129 

0- 

_ 3000  000  . 

0. 1743E-06 

0. 1743E-06 

4.749 

4.274 

0.1766E-C6 

4.914 

4.423 

0.  828 

3506000. 

0. 1851E-06 

0.  1889E-06 

5.079 

4.571 

0. 1974E- 06 

5.206 

4.686 

0. 898 

3856000. 

0.2185E-06 

0. 2122E-06 

5.33  3 

4.830 

0.2332E-C6 

5.549 

4.994 

1.014 

4356000. 

0. 251 lE-06 

0. 25 llE-06 

5.  765 

5.188 

C.26Q0E-06 

6.019 

5.417 

1.149 

4856000. 

0. 3246E-06 

0. 3872E-06 

6.274 

5.646 

0.4428E-06 

6.478 

5.830 

1.25  3 

5091 000. 

0. 5150E-06 

0. 55236-06 

6.68  3 

6.014 

C.6245E- C6 

6.881 

6.193 

- !_• 

.5246000. 

.E^OO 

.£♦00 

7.080 

6.372 

0.522 

_ 1500000. 

.£♦00 

.E^OO 

3.915 

3.523 

0.1415E-06 

4.055 

3.649 

0.593 

2000003. 

0. 1429E-06 

0.  1429E-06 

4.195 

3.775 

0. 1443E- 06 

4.333 

3.9C0 

0. 665 

25003  00. 

0.1644E-06 

0. 16446-06 

4.47? 

4.024 

0. 1 845E- 06 

4.  644 

4.180 

3000000. 

0. 1933E-06 

0.  1932E-06 

4.81  7 

4.315 

0. 2021E- 06 

5.005 

4.505 

0.860 

3506000. 

0. 2128E-06 

0. 21 766-06 

5.194 

4.674 

0.2283E-06 

5.341 

4.80  7 

0.939 

38560C0. 

0.2474E-06 

0.24176-06 

5.488 

4.939 

0.26086- 06 

5.731 

5.158 

1.  070 

4356000.  _ 

0. 3558E-06 

0. 3558F-06 

5.974 

5.376 

0. 4508E- 06 

6.414 

5.773 

1.295 

4856000. 

0.5641E-06 

0. 6918F-06 

6.855 

6.170 

0. 8051E- 06 

7,263 

6.536 

1 . 484 

5091000. 

.E»00 

.£♦00 

7.670 

6.90  3 

0.52  3 

1500000. 

.E»00 

.£♦00 

3.917 

3.526 

0.1 376E-06 

4.051* 

1.645 

0. 592 

2000000. 

0.1377E-06 

0.  1376F-06 

4.  190 

3.771 

0.1 377E-06 

4.  322 

3.890 

0.660 

2500000. 

0.1623E-06 

0.  1622E-06 

4,454 

4.009 

0.1 868E-06 

4.629 

4.166 

0.  754 

3000000. 

0.1937E-06 

0.  1937F-06 

4.804 

4.324 

“ 0'^20'06E-06 

^ 4.991 

0 . 855 

3506000. 

0.1979E-06 

0. 19676-06 

5.178 

4.661 

0. 1940E-06 

5.  30  3 

4.773 

0.923 

385600C. 

0. 2033E-06 

0.20  05E-06 

5.428 

4,885 

0. 2098r- 06 

5.6?  3 

5.060 

173 
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BASIC  DATA 

A H 

IN.  CYCirS 

1.03A  4356000. 

SIMPLE 
. SLOPE* A» 

OA/ON  CALCULATIONS 

SIMPLE  THREE  PT. 

SLOPEIP)  OIV.OIFF. 

0.2426E-06  0.2426E-06 

DAMAGE 

KMAX 

5.817 

PARAMETER 

DELTA  K 

♦♦♦♦♦♦♦♦♦«♦ f ♦♦ 

5.235 

1.166  4A56000. 

l.?47  50^1000. 

_1.311  5^46000. 

0.2754E-06 

0. 3449E- 06 

0.4110E-06 

0. 2976E-06 

0. 3712E-06 

.E»00 

0. 3227F-06 

0. 3847E-06 

• Ef  00 

67^79 
6.  341 
6.500 
6.660 
6.  789 
6.918 

“51471 

5.706 

5.850 

5.994 

6.110 

6.227 

SPCr  NO.  = ;\L-^  a-  1 - 

S Cl'' HEN  TyrrrC^,  ►■avT 

.1  YI'L''  STc 

57. 

= LCA  .=  5.5' ' 

*:  THIC<NE5S=^ 

st^ls*-  cati:=  3. 

:.5CC  WTOTH=  4.0C0 

1-: 

0.315  c 0 f:  ? 0 . 

. E ^ Q u 

.EOO 

5.  584 

5.026 

C.^19  e'CCQC. 

t .12'->0l-  :6 

C .22: 0E-:6 

0. 22r0E-C6 

5.595 
c.  596 

5.0  ’1 
5.036 

C.322  ■'O.c:. 

''.•'Ht-:-  '•6 

L.4A2rr.t t 

a.  -e25d-(6 

5.  615 
5.  625 

5.0  49 
5.C63 

0.  329 

c.6i:)c.-':6 

C .375''E-Cb 

0. 

5.653 

5.68’ 

5.0  8 8 
5.113 

0.  3 30 

: . 1- -f  6 

C .3h5wE-C  e 

C. 3450E-C6 

5.688 
5. 6 94 

5.119 

5.125 

0.  335  HC'':0. 

c .55 . 3 r- 

w .427CC-- t, 

:. 4?75E-"6 

5.72: 
6.  ’4f 

5.148 

5.171 

0.339  IICCOC. 

:.  3:  6 

0 .5  6*=  '•£-■3  6 

T. CbSOc-Cf 

c.  755 
5.777 

5.133 

5.1  96 

U.347  12::'^:. 

. .82>:-:-ce 

,c  7’5E-:€ 

0. 5775£-w6 

5.  811 
5.  348 

5.229 

5.263 

0.'»5C  HOuJ'. 

7.  J^‘.?-C6 

C .4^''  .c'-C  6 

48wCt-C6 

5.  867 
5.876 

5,?77 

5.29y 

3.356  l^CCCu. 

- .63 

**  . 345  vC- • t 

y . 3h50l-C  6 

c.  9C6 
5.935 

5.716 

5,3wi 

._o 5 7 lie.:  o,: . 

* .6  • :o:- c? 

''.29’cr-r^ 

9 15c- "6  _ 

c.  938 
5.9‘.C 

5.344 

5.3h6 

0.36’  Ibj.rc. 

“^T6  : :Tc  6* 

4_._L55S.-‘5  _ 

c,  964 
5.  988 

5.368 

5.739 

o.37h  i‘»c::^. 

' .co7p^-:6 

___ 

„,rc7-«^-0b 

0.  5-.75t-C6 

f-.uUi 

6.  095 

5.437 

5.435 

'*.j_54  2. 

- .t.q-nr. 

C.5j‘2‘'£-^e 

_ 5 825C-16  _ 

6.  1 ’5 
6.1  87 

5.525 

5.564 

r.’9« 

c 7 :6 

e .61’^F-;: 6 

".6 137- -5 6 _ 

6.  241 
6.  259 

5.617 
5.6'  G 

0.409  2-C1jC. 

: .Co"': “6 

C.5425-.-H 

>.,14251-^6  _ 

4.346 
e.  357 

5.713 

5.757 

. C.419  ?f  . 

= ^ --  zt 

: .4?e 

c. 4?e3--:6 

4 , 442 
e.wp? 

5.7  i 3 
5.839 

j . 4 2 6 ? ^ C . 0 1* 

C . 

r.i.,qjc-:e 

** . i 81  6 

0.518 
8.  54w 

5.864 

5.869 

._j:i44: 

r .57P 

C. 1 733E-C6 

8.6:7 

6.682 

5.Qu3 

5.996 

0.4  61  _ .. 

till:  . 

.^♦ec 

0.  ’51 
6,  879 

6.C  76 
_ - 6.155 

0.718  5wb3u.' 

.L  ♦C  3 

• F ♦CO 

5. 5’e 

5.021 

C.^27  6?CoC. 

''.9’"U-.6 

C.7q75E-C6 

0.7  975E-i6 

5. 622 
5.  665 

5.060 

5.093 

0.  ’ ’7  0 " ?C  . 

r ,f6rj'-  :6 

C.37?5E-^e 

3.3725E-C6 

5. 6 98 
5.  728 

5.126 

5.154 

C.  3 34  8CCOO. 

r . p : : c £ - ^ 7 

C .I55r.f-Cb 

0.1 550^-:6 

5.73C 
5.  734 

5.157 

5.160 

C.  337  90:-):. 

G .2’. 3l- 06 

0 .495  :c-c  p 

3. 49505-06 

5. 7 44 
5.755 

5.170 

5.179 

0.  344  1'’“")-. 

" .76":E-C6 

w.73w JE-06 

:. 73006-56 

5.  ’85 
5.  324 

5.210 

5.2h2 

0.351  lin:^*. 

. .7'.CE-J6 

'•.TCSCc-Cc 

C.705CE-^6 

5.  856 
5.  387 

5.270 

5.299 

0.358  1’:":;. 

c.Ti::*:-  ':6 

: .8**?cE-t  6 

0. e325£-C  6 

5.919 
c.  951 

5.328 

5.356 

368 IJiUli 

, .9'53t.-  C6 

c_.Z>?>‘"-_ce . 

1.,74  25c-C6_ 

5.994 

8.037 

5.395 

5.437 

y .4':5'*E-u  6 

C. sCCQC-Cf 

6.  J6C 

8.0  3w 

5.454 

5.476 

0.  3 76  !*■  , : j:  . _ 

. .2oMt-*6 

' , .r  !CjC-u6’' 

L.  4j5’£-wt 

L.  4r50w-'’6 

8,  0 98 

8 . 1 « 9 
6.132 

5.487 
5.493 
• 5.519 
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A 

IN, 

N 

rvCL£5 

«■  I Mp^r 

SLOo: f A) 

simple 

SLOO«-  (D) 

THPtC  PT, 

01 V.OIFF, 

V H « V.V 

k>-a'x 

^ r«40"t.lt4 

DEL  TA  K 

. 1 u . J c . 

0*19? 

♦444444444444444 

: . ^ 7k;;,  f, 

44444444  44  44444< 

..0_.526  7^-^e 

C .5’?5P-bt; 

►♦♦♦♦♦♦♦444444444444444444 

0.5257.-:^  ^.156 

6.2:c 

-_A*.'.-25'^-r  F 

F.  2 9^ 

. 1 40i"-':6  , z^c 

F.  ’fi9 

0.(27‘^c-C6  e.i,3( 

e.  407 

C,7qc:"-'F  b,5‘-7 

t.  b 32 

C.'2C"-.-:b  ^.7-f 

<4.  7ct. 

C.42i2^-:b  b.oci 

b . «»  7 *• 

L.  "6-?i  b P. 

444444444444  44- 

5.540 
5.5  82 
5.623 

5 , b 0 6 
5.77“ 
5.74  1 

5.792 

5,84’ 
5.90  ? 
5.9t  9 
6.:  36 

6.0  79 
6.1?? 

6 . 1 9 

6 , 1 0 8 

6.31  8 
6.4t  8 

5.9  39 

_.r.  ‘♦Q? 

C,  HiZ 

0.  hh'- 

w 

3.  502 

0. 

7 r **  , 

oj. 

0 3 

^ ' f 

: .54'.,  '-".f 

*•7*75^-'^^' 

b"= 1 - .5 

: . 2.1 7.-' f, 

0,^4-. r-ge 

C,b2’e£-Ct 

-.72" .c-:e 

6.4  ^ ^ 

■"-  K.''*' . 

5r'o:. 

. . 1 'T?  :r 

• b " 

. : 

. L »:o 

. F ♦ 0 9 

'"7.02c 

7.  1 b7 

*=.590 

- :7 

5. 5o^ 

5.0  3 8 

0.  319 

f f>  r 'I  r 

Cf.4  77:jE-^e 

*-775^-06 

5.597 

5 .0  3 7 

. .07: Ct-ce 

5.64? 

5.C7  8 

0.  329 

7 wC  JC  , 

C.5C^  :£-0b 

??J.0C0E^b 

*^.687 

5.118 

" .2'’  .-t  - :7 

^.66* 

5,119 

3 . 329 

0 '.  C ■•  . 

0 . ’70  .:,-Ce. 

:.  ”coT-;b 

5.6  89 

5,12: 

C , 71*  Or  - 36 

5.  722 

5,150 

9.  337 

9 C n c : . 

C.4  97-^F-''e 

0. 407^^-16 

75' 

5 , 1 8 *3 

■ . 2 » . . 1 - : 6 

5.7bb 

5,191 

Ot  339 

1 3 • 

'*.11”*'-:  5 

C. 1177£-:5 

5 . 7 bi 

5. 2 0 3 

- . 1 0 7 y ^ - r 5 

*'.87r 

5.233 

0.  359 

11''"'  . . 

'‘.l?-.*^"-w5 

C . I24flt:-C5 

. 9f  w 

5.364 

,:?2'?'‘r-Co 

5.9'*’ 

5,3  85 

9,  3 ^ 4 

1 2 c c c : . 

C.6  75''-C6 

C.fc75C^-cb  _ 

f » Zrf. 

5 . 4 C 5 

-.6 

F . C 4^ 

5.439 

C.  ’73 

1 i : ' . 

4.5*-?  .L-Cf 

C.  ^‘♦'’OP-Cb 

6 . C 8 C 

5.47? 

~ 2'‘-'‘Tr^C6 

e.  091 

5.4  82 

0.  375 

i-c'':-'. 

3 . '■  ’ C ? . b 

F.  1.2 

3.492 

.6 

b'.i3  8 

5.5  2 4 

0.3  33 

i^G  ';_:c . 

_J.54r'-r-0£ 

_C  . '.  4 50  2-:b 

6.  1 

5.5' 0 

‘ . 7i  • >^T6  " 

1 6b 

5.567 

(U305 

__  l o C : 

O.b’B’f-Ce 

0.  4qu7c.-?b 

b.l9F 

5.'  79 

: . e . 2=  ■-  :6 

6.269 

5,64? 

C.  40’ 

I'T'::. 

C .6w2‘‘‘"-u  t 

..  LC25«~«Cb 

F,  3 ’9 

5,7  c 5 

■ .^ ::5£-  .6 

>.374“ 

5.736 

_c  * *♦  l_j 

:.2n2c-Cf 

".2512«--C6 

6.408 

5,^69 

J.14_ -.Cb 

6.  *.2? 

5.7  8 0 

-T-? 

? ’ C * 

t_.  5 ?1  ’E-:  t 

3 . 5 2 1 ’ ; - : b 

F . 4 7f 

5.703 

• .9 -ci^-  :o 

<^.514 

5.962 

C.  ^3l 

?4r: j". 

0 ._7  . e ' 

:.7  3:ir-£q 

^ . 5 01 

5.932 

. . b '““e 

6.634 

5.971 

p e.  ' p 0 ^ 

^.s  31  i-.-: 

C.  ^ 3l3'’-:b 

F.678 

6.0  1 0 

“ "b 

6.  7?c 

6.05? 

^ 0 . 4 3 

2 . • 

u . 6 9 t “j.  f 

b 

^ . 7’: 

6. ''05 

' , b-^  Tr  - "6 

b . “ 54 

6.158 

-L472 

710:01^. 

: .725-:-:6 

0.  725‘'L-"b 

F,  9’' 

6.24? 

' . “ 7_-  ^ 

7 , : 3 f 

6. ’>3 

a. 49^ 

’jL^-  Ju. 

— 



.-♦CO 

1 ’6 

6.4 ; 4 

0,  315 

socor. 

.F  ^ : 

.£»C0 

5.557 

5.0  C 2 

' , i:l  . j t-  .6 

5.567 

5.011 

C,  317 

^ c 0 : . 

C .4  «?  . r:-'^  L 

: , 4fl:3E-9b 

5^5  7 7 

5.0  19 

. .7f :j^--6 

5.612 

5.0E1 

0^25 

■'J.OC, 

C.5''G.£-w6 

J.  »'000^-16 

. 647 

5.C  8 2 

. .25  .Pc-:6 

5.65" 

5.093 

0.  327 

3CC0C  . 

''.i57-;^-oe 

W.  1 575£-'‘6 

5 . 1 C 3_ 

" .t  Jc-  7 

5.  67’ 

5, 1 . b" 

. O* ’2i 

^0'*  o: . 

- -4-c  ^ 

:,.3:o.-:b 

5. 67f 

5,10  8 

"c  .99ror^:fr " 

5.  72? 

V . 1 ' 0 

-_0. ’33  _ 

t..JC4  V-"  5 

''.j.r  4 3'*-:,6 

5.767 

5.191 

TTi^c.-  'V 

5.817 

5.235 

n,  343 

11 C^Cu  . 

C .^7r,^.(;i, 

0. H?5C'-0b 

^ . 8F7 

5.2  8^ 

' .56c  w*'-  '6 

5.8  9? 

5.3.  3 
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BASIC  P/>Tfl 

A N 

iNj 


SI'-PL^ 
SLPP*"  ( Al 


OA/OK  calculations 


riMPL-: 
SLOP^  (p> 


THt^FF  PT, 
-01 


_p AMAGt  £A R AMETER 
DELTA  K 


KMA  K 


► ♦ 4 ♦♦ ♦ 44  4 


_.C._354 

C,P?5ai-'*6 

f . 917 

5,326 

._w*  367 

C,  371 

,i_«j;'jc. 

14C*0b. 

’ •: . ‘•b  . 

r.«'87>£-cf 

3. e250c-C6 

0 . ‘j875l-)6 

5,975 

6,0  3? 

^•3u9 

6,  065 

5.778 

3.43c 

5,444 

5,4J;  8 

3»  379 

: . :6 

■-  .4  8?^£-G  6 

? • 6 

6.  ir: 

6,1  ’7 

5,4  91 
5.523 

_JLt.3  51 

. . 

j . 1 f 

C«p93'.i-:b 

3. 

6.144 

e,  ir: 

5.5?9 

5.535 

-lil97  . 

1>>C.CC. 

'6 

>.b5"CL-C€ 

_ii_^7b^C6_ 

6,  2ci 
bt_2  94 

5,6C  C 

5 1 6 6 *♦ 

. 0,07 

' .uQ-r^r.-e 

^.3  37' 

^ . 3 «■: 

3.7:3 

5.742 

0.  417 

'‘.46?5"-Qf 

3,  l6?5-:-''6 

4,424 
f ,4^7 

5.781 

5.62r 

2^. 

.9  6 

Ct  S4_:ci-Lfa__ 

6,5:3 

6 . p 4 

5.85  3 
5,8‘‘6 
5.976 
5.9n7 

j.  439 

^ . P 0 7 5 .*6 



",.563  t 

r. e e38£-^6 

6.  596 

6.65? 

''.443 

. c s c •:  c •; . 

Cj.sq'j  v‘^-.b 

C.>167E-w:b 

6.6  92 

6.  73? 

6.023 
6.0  59 

0.  46«^ 

M : " “ . 

C jf 

''.  ?4?6w-':6 

, 6.77? 

f . •!« 

6.C  97 
6.136 

r-C'*::,.  _ 

f P 4 t,  , 

. L ♦CO 

6.91? 

7.:  ^7  . 

6.221 

0.3:6 

SOECI^‘'N 

N0.=  Ac-58-1- 

.1  '<!'LP  ST~f 

NGTHr  P7.C 

C THIC<N'"SS  = 

:.5wg  wi':'TH= 

4,  cco 

iPLQ  I ^t_\ 

_I  = C ^JL.  _^_A  X I8l!M  CTc^  s 5 OP 

LCA0=  _ 7,500 

S^\5SS  JA-^  rc  = 

0.  !.:• 

0,513 

75  CMC, 

.£♦00 

.£♦00 

9,  8 88 

8.9j  0 

0.  565 

JP'0 : 3c . 

:.7P5:^-.5 

C.8C*-?t-05 

:, 9558E-^5 

10. 314 

1C  , 74C 

9.283 

9.666 

3.613 

•»6253... 

-.i::b^-C4 

0.1  05  "’£-5  4 

C. 1C57C-C4 

1C, 882 

11. 0 24 

9.794 

9,921 

0.b38 

?o5::c. 

C . 11:  ‘»P-''4 

0.112-5E-04 

O.  1125*'-:4 

11. 1 8C 

11.  ^■*6 

10.0b? 
ia.2C  3 

0.o67 

* .114?;--  :4 

C,114  8E-C  4 

0 , ii4«E-r4 

11,496 

11.661 

1C.3h9 

10.494 

8.  69b 

’■'C  ::o. 

8 ,11,4 E- 0 4 

4.1 736£-C4 

C. 1?4^£-C4 

11. 825 

11.9PG 

10.643 

10,791 

0,726 

^7?r 73, 

: • 1495:.  - ^4 

0.1669w-C4 

C,l6e9'‘-04 

12.16? 

12. 335 

"10.946 
11. 1 C 2 

3,76? 

774:cc. 

w .1 84^E- Cw 

0.1^71£-C4 

C. 1614'-:4 

12.551 

12, 76f 

11.296 
11.48  9 

3.*'84 

•»  7 5 p j 7 . 

:•  .i4*.3--':4 

r.l612'='-C4 

12,394" 

13,  C23 

"11.6  C 5 
11.72: 

C,811 

7^7:'::, 

''  .1''8^E-  74 

C .POl 8E-04 

0.  ?l3"L-0** 

i**,  1 83  " 

17.  343 

11.865 
12.0  C9 

>J‘  8.?** 

8 ■;  0 , 

" .23'5t  - '?4 

r.?H3w£j:w4 

17,  488 

1’.  6-»3 

12.1 39 
12.269 

8 59 

37  gn*:  r , 

■ " . 2^^=;:-  C4‘ 

L.2642r-C‘. 



0_^2^42r>‘^ 

13,783 

13,933 

"12.4  C 5 

12.5  4 c 

0,  887 

3 p * C C'  • 

• ,?“6:£-  .4 

C.?71?£-C4 

0. 2712'^-0^ 

14,113' 
li*.  294 

12.7  : 2 
12.8b4 

_?.*943  , 



. . ? = 6'^  : - : 4 

._..3*?730£>r4_ 

1-.459 

1«*.6?4 

13, C 1 3 
13,162 

0.9.4l__ 



. , ’ 8j5l-  :4  ' 

C ,,.3y_’S4-'4 

70  35 L-_(  4_ 

" 14, 8ii  ■ 

14, 997 

'13.330 

13.497 

_1-974 

38  70. 

.:^'5c-'4 

C.  3 85  .’b-C  4 

0.  •»4e5b-C4 

15. 2 1 6 

1?.4^5 

13.694 

13.891 

3,  992 

_ 1*  cn 

3 *=!:"  ._ 



: , 7 ' 4 0 L - : 4 

« 

: . 3’’:4-:4 

r .3b5  'b-C  4 

C.3^15^-:4 

:.7P5'''-f4 

w.  771«;l-C4 

1*^.559 

15.683 

1'. 81^ 

I*".  94i: 

Ih.'C  : •» 
14.115 
1-..2  33 
I4.3  5 1 

~ ~.T7r.  :~:'4 

C ,’77.^-04 

0.  ’773b-C4 

i6.c79 

16. 21? 

14,4  71 

_1 4 , 5 9 1 

_it'r48.,. 

Zr-QJJlx 

' .7-»j.:f  - C4 

Ll193  "/-r 4 

C,  ■'93lF-i-4 

16, 357 

IP. . 493 

14,718 

14 , 9 

. 1,069 

7 8 j '■  c : , 

4 -'^T:  - " iT  ■ 

r.,j»9’  ">>  0 4 _ 

0_,'»5C5»-"4 

14.645 

. It. 394 

14.98  0 
15.116 

3 856  . 

r.3i?  = -:-C4 

0,  7l'>5b-.^ 

lb. 848 

15,1 40 
15.16  3 

^ T--  :4 

14, 87, 

15^1 93 

176 


TABLE  C-6.  (CONTINUED) 


4444f«>ff  4f44  4444  44 

444  44444444 

4444444444444 

44444444444444 

BASIC 

OflT  A 

ra/nN  calculations 

OAMAGl 

FARAMcTER 

A 

N 

^^IhPlF 

THCtF  PT. 

KHAX 

DEL  TA  K 

IN. 

CrCLTS 

SLOO'^  ( A) 

SL0P‘ (P) 

DI  V.'^IFF, 

444444444444444444444  44444444 

4444444444444 

44444444444444 

l.C7^ 

V"  5 ’ : ' , 

•■  . 7 o'"  ~ 

J. ’85C- -:4 

l^'.  8^-1 

15.2.2 

- .4  w 

16. 9?9 

15.236 

1.':^ 

3 ijji3 : 

_:  .J.-V ' - t. 

lo. 9( f 

i*:,?t9 

■ . ■ T 

lb. 9Q7 

19.297 

f .‘.7?«=--.  u 

3 . t.725  ■:  - 

W . 0 ? “ 

15.325 

. . - V - - : H 

1 7 . r 7 * 

15.3  63' 

1.  0 fl9 

3^6C0''. 

':.5?i7e-cl 

0.  53e3t:-'-H 

1’.112 

15.4C  1 

. .5l“3r- C4 

17. 717 

15.585 

1.114 

JO  . 

C .5267t^-cc 

L.F6l3L-‘)u 

17,52? 

15.T7  0 

j C4 

17.568 

15.81  1 

1.123 

. 

C .62':  '£-C4* 

0.595C''-r4 

17.611. 

15.85  3 

c . :.-  :4 

17.72C 

15.948 

1.1’? 

336*^3:. 

f .favp’-:-c- 

C.f  J“7l-C*. 

17. 625 

16 . u <*3 

: .57‘’5r-:i. 

17.9?" 

16.128 

1.  145 

3^7:33. 

C.  *'**78t-L4 

18.016 

lo.2 1 4 

. .U  : - C4 

18. i C 2 

16.292 

_ 1.155 

C .5  3w :E-Ch 

0. 5’C3^«C  4 

1 n. 1 89 

16.3  75 

. . 3 '-'^4 

16.28’ 

16,45*. 

1.  Ift6 

’“74V. 

c.5i6?-:-':c 

:.  f 162^-C‘. 

18,  37f 

16.5  ^9 

‘ . 4 ^ c - . s 

1 8 . L f 1 

16.0  15 

1.1’5 

3-7^^'' V 

r:  .5662«^-:l 

C!.>e62E^0-4 

1".  5i.i 

16,691 

* . -4 

1 e . 6 5 9 

16.793 

1.  IdS 

7 0 T 0 - 

« ?2‘^--r 

0.^  2251-C4 

1 “. 777 

16.896 

■ .^-  . V-Ch 

1*.  8 ‘<1 

16.993 

1.  20'' 

- V. 

: .*=55.d-:  L 

*'553r-"4 

1 «.  98«> 

17.0  90 

• . 1 1 V r - : 4 

19. 0 “7 

17.174 

1.211 

? - “ ? 0 : . 

_c  .faj  ’ 

:.«^l25C-j4_ 

19.  1 7f 

17,259 

. .D^‘  0"-:4 

IP. TCf 

17.375 

1.  22h 

3 “ ^ i-  •'l  , 

: . ’65  .,^-c  *. 

1 . 8 3f  0£-'  4 

W.  ^ 75 

1’.49? 

V - V 

IP.*'  21 

17.569 

i=  j"  . 

_j.^7C.C_ 

W.oW 

17. 6-7 

0.  547 

35wrcc. 

.r4«: 

.E  4C0 

1*'.  313 

9.792 

. .74“5--  ^5 

1?. 77w 

9'.  661 

_!•  5 21_ 

76?"0: . 

C.7?2hl-:‘^ 

0.  0 •*«1'--'*  5 

11.156 

1C  .0  41 

w . 9l“0w-?5 

11.2“6 

10.157 

0.64<=: 

3b2‘^3:. 

C.  '^'3V't-C5 

0.  M8J:-C5 

11.416 

10.274 

_ . 0 “ w ^ ' 5 

11.536 

10.3“4 

0. 66’ 

7d5C  j:  . 

C.n6U-3t. 

J.  1 OblF-wH 

1 1 . 6 *.  o 

10.493 

..13^4l-''4 

11 . 64C 

10.536“ 

3.69*^ 

367*=  33, 

1 1’ “ 

C.  ! 13:^-> 

12.  u 21 

10.919 

C :5 

12.lLt- 

1C  .9*.  8 

0.  72? 

3 7 r : 0 c . 

w.i  3^  rz-j*. 

J3.  1459'1-04. 

12. ’l8 

11.0  77 

: . 1 ?’i_- C4 

12. 522 

11.27  J 

3.763 

''.i5=>f'E-:*. 

iS'^e.-On 

12.775 

11 .tb? 

: . 1 

12. 897 

11 .6  W" 

C"  . 

151 

J.  1 565£-C  .. 

1 ’ , C 5 ‘ 

11.757 

1’.21  ’ 

11.8^2 

_C . % 13 

115; -u . 

r . 1 7 1-  ' £ - J 4. 

3.  west-:*. 

1 36  “ 

12. C 71 

" . 1 ’ 1 i € - C 4 

1 3 . 5 7 <- 

1 1 8 1 

•3.  ^4! 

i 7 7 V , 

J.2L6f^--CL 

7 192. -04 

1 ’ . 7 : c 

12.370 

- . 2 4..  5 . - : 4 

13.  a*-? 

12.457 

0.  ^64 

V 2 36 ‘^--3  4. 

r).’3fc5L-:*4 

14.0.*. 

1 2 . 0 C 4 



14,149 

12.734 

?.  •>%! 

L ^2’i;i.--- 

2 ?75r-:4 

14. 293 

12,854 

' 



.?-(  5—  **. 

14,452 

1 3.0 : b 

*).  912 

7 j r - ^ , 

.22“ 

: . ? 2 “ : [ - : 

14. 6 IC 

1 3.1  *.9 

, 2 * 9jf - r H 

14.  7“48 

13.2  73 

. ''•933 

L.?5V--^c 

C . 75“:c-34 

14, 985 

13.396 

15  .3P1 

1 9.5  « 1 

W.  96’ 

J?. 

r . 316  ‘ - -c  *- 

: . 7ic5:-"4 

1*'.  29t 

1? . 7 o 6 

: . "4 

1*^.  52? 

1 3.970 

._!ijL.9  96 

^ . 7 uQ  7_  ^ 

’722*^  -, 4 

1 *.  . 7 4 7 

1*4.1  7 7 

“ . ’ w H 

15,987 

14.2  9 9 

1.0  16 

_ C .JJ  " fc-C  w 

: . :'’75'^-3-. 

If  . 0 27 

1 4 . 4 ? 5 

" :’"^~4 

U.  125 

1*4.  *'16 

.1.  0 ?J 

_3_'iw*  

:. :73ut-^4 

If  .2’. 

1*4.6: 7 

1 c . ’ f f' 

1*4,7  W 

: ’1  ‘■--c- 

r.  4?iqf-r*, 

1 f . 5 V P 

1 *. . 9 S “ 

V 40  ’ jt  - '4 

Ic, 6Q1 

“ 15,0  2?" 

1.  C73 

• . ^ 7 ; ^ - C t- 

: . 4?’0t  -0*. 

If  . 9 7’ 

15.1  *>0 

, 7^1 

w.w*- 

15. ’22 

i.:93 

0. ?4320-:4 

17.175 

15.4P8 

* .2*  V '■-  -4 

17,192 

l«-.*.7  3 

177 


TABLE  C-6.  (CONTINUED) 


BASIC 

DATA 

CA/ON  calculations 

HAMAGc 

PAkAHETER 

A 

N 

si^-ptr 

riHFLE 

THFcE  PT. 

KHAX 

Df'LTA  K 

IN. 

ocLc: 

SLOP‘D  ( A> 

fnrc  (P) 

OIW.OIFP. 

♦♦♦♦♦♦♦* 

.♦.44«>44  44>f  444 

i.  z 9r 

T 0 r ( . ^ 

:.5  5‘  .r--4 

C. 

!".?> 

15.487 

1'.  ^ 4 

17. 279 

15.55 1 

L ."''7^  '■-L  4 

".  7 775^-'*., 

17,  3'^C 

15.61 5 

" •635*-- 

1". -r  ’ 

15.662 

i 

H 

►- 

r 

7 j c a j ^ 

:.3?4.z-:h 

...: . 4 

17.455 

15.7: 9 

3--:t 

17,454 

i5.7C9 

1.  ill 

j '•  6 '5  " . . 

17.  u t,L 

15.7  L 9 

, . 5 

1". 

15.74C 

1.  115 

396C0u. 

C.4117£-C4 

".  4343c.-u4 

17,525 

15.772 

0 .4:6jE-C4 

17.69^ 

15.921 

1*135 

38b5K  . 

C.465C-:-J4 

3.7QiaE-G4 

17,95? 

16.07  0 

« .76C''r-C4 

17,919 

16,127 

1.142 

C.821''E-C4 

79C8^-r4 

17.982 

16.184 

r .“eas--  :4 

18.126 

16.314 

1.  160 

’!)6900. 

0.5P1  ’--04 

3.59134-04 

16. 27C 

16.443 

C . 34 

18, 327 

16.494 

1.166 

3^7!'':. 

0.490  :£-C4 

".  4930‘'-:4 

16.384 

16,545 

- .65  :0l-l4 

18.497 

16.647 

1.179 

’872^:. 

L .5  “^'*2-04 

0. 5553E-C4 

18,  blC 

16. ’49 

w .52':‘^-C4 

1«.7C2 

16.832 

1.190 

397.00. 

C. 53755-44 

0.  •^375£-w4 

18, ’95 

16.915 

'“.bs*’-'--:** 

18.  895 

17,CC5 

1.  2C1 

3 97ft,c: . 

t.514 

C.  ^1515-^4  _ 

18. 995 

17,C95 

: ..:'j"-C4 

19.0  5? 

17.174 

1.  21C 

..5  5625-C- 

19. 1 80 

17.252 

. ’75c-  :4 

_ 

19. ?b7 

17.359 

1.223 

•«ort:oc. 

l.701  ■»r:-04 

:. 7C13l-"4 

19, 4C t 

17.466 

r , 75  = j r-  ■;i. 

IQ. 55? 

17.597 

L .776  ’5-04 

0. 77o3c-r4 

19.698 

17,7?8 



-•7975;_-0u 

19, 8^1 

17.8  6 6 

_1._2  54_ 

3ji_«*  t.  3 " . 

r.’ib  :£-C‘. 

O.J_h25c-"_4  . 

20. 0C5 

18. o:  5 

. -4 

2:,r62 

18.056 

1.  26C 

. 

. L ♦ C C 

25. 119 

18.1C7 

tj.557 

35c:"'*. 

.F^lO 

.F^": 

1?. 4 18 

•9.376 

/ . 9n'5c-  "5 

1",  8b9 

9.782 

0.637 

• . 8?9'*c-''  5 

3. 9l53£-:5 

11.3  2: 

lu  .1  6 8 

C .Q^wO'-Cb 

11.454 

10.3J  8 

0.  66u 

^625''''  . 

U.IwF'^c-Oh 

0.1 C65F-"4 

11.588 

10,429 

w .1169“  — w4 

11.757 

10.581 

0.690 

■»Ps  c ^ 2 3 . 

C .12: ’F-04 

C. 12u’E-"4 

11. 927 

10.734 

" 74 

12.132 

1J.892 

:.721 

3b’5''"  . 

L • 1 -OCL -w  4 

n, 14fc6E-r4 

12.277 

ll.G  50 

" . i’14r- C4 

12,5  28 

11.275 

C.763 

37CC ;: . 

r .1592E-C4 

:bH9E-"4 

12.  778 

11.5:  •: 

C . 1 . 1 7 C - ■-  H 

12. 94( 

11.652 

^.792 

•»72'  j:. 

'‘.1775--C4 

•w.  1 775^-04 

13. 115 

11. 8l  3 

: .7i3’«.-:4 

13. 37’ 

12.6  36 

_C.J?34._ 

:.^_4  = J ■ •_ 

f i2.2  45j:C.i. 

:. 1988£-L4 

13.63c 

12.2f  3 

1 3 , 8 c t 

12.426 

u.  56^ 

375500  . 

_ . 0 . ? 19 : d - "_4 

_ 

1’. 981 

12.583 

w.c5'Dc-.4 

14.219 

12.797 

0.90? 

?7-^*  ?•■  . 

C,?5?4C-C4 

3. 25765-^4 

14,  4.57 

13. Cl  1 

" .2r»^ :c-04 

14;*624 

’ 13.161 

0.926 

. 

C . £ £-: 4 

0. 259C • -“4 

Ih.  7 9. 

13.311 

14,96’ 

13.467 

_C:i.?52_ 

J'QOGC . 

j;  .29b-/E-L4 

_0  ..2  85  7l-:^ 

15.  1 ’8 

13.622 

15.  348 

13.81  H 

C.993 

■*  9 : ■ T • 

w . 7 ” ; £ - : 4 

0.  ’3’C‘'-C  H 

15.561 

14. CCS 

: • 3 ' . 5 “ - ! 4 

15.811 

14.230 

1.  0.19.  . 

C.”5".E-vh 

U 7 752r-_''_4 

16. 361 

1 • 45  5 

73'^:.:,-r4  ■ 

lb.  ’5? 

14.717 

. L.  ^ 5jj_. 

l*.4l?"4.C. 

_ _J_.  4i27r-^u 

16.  64? 

14.978 



: . .r Q""  - "4 

If. 97h 

15.2"6 

I.IQI 

, .4  M ‘ 4 

C,  **325c-'r4 

1’. 304 

15.374 

1’. 478 

15.731 

1*121._ 

’ 9 ’ : ^ , 

w .ii.®4j^4 -_c  - 

.9‘.5E-:4 

17,65? 

15.887 

--~y^ 

1^. 88? 

16.394 

’ : r • 

'.  .4qa.  C-04 

G*  «-9S5t  -u. 

16, 112 

1 6 . 3 : 1 

' ':4 

!»».  3C2 

10.472 

_Aj-1LZ 

3^-5 :.  . 

",55554-04 

■:.  ' 555r.-:-, 

l^*.  491 

16.64? 

18,79: 

16.911 

^1.2t6 

19. : «9 

;7.1 60 

' .L9^ :.-.*• 

IQ,  hU 

17.475 

178 


♦ ♦♦ ♦ » f ♦ 

BASIC 

♦ ....... 

OAT  A 

TABLE  C-6.  (CONTINUED) 

♦ ♦. ...................................... ff.f. 

CA/PN  calculations 

......... 

OAMACw 

PAPAH^TeR 

A 

N 

ST^'PLE 

rj  MC  L ^ 

THCtl  PT. 

K^'A  t 

OfLTA  K 

IN, 

CYCLES 

. Slop.-.  ( A ) 

SLU*''*  (P» 

oiv. niPE. 

♦ f * f f * fff4.,4.» 

............ 

..♦..♦♦♦ .......... 

.....  .... 

♦ ♦♦♦♦♦♦♦♦♦ 

w . 6 ^ 3 ■»  c - 2 c 

3.  ‘■32^_---. 

19.  7*.^. 

17.773 

19.  7«-» 

17. « 1 ’ 

-liZk5. 

'’•72c‘^l-:4 

J . 7 ??5- -'4 

19.  8 wl 

1 7 4 8 ' 7_ 

19.  9 7u 

1 7 . 9 4 1" 

. It255 

-j?  ? : . > . 

' .6-6 4 

'.f  :‘^Cw-:4 

2C.  3:-7 

1 8, n ^ 

■ . 2 - 

2-. 353 

18.048 

•»  H C .1  2 . 

1._4_“V'L-w4 

: • ^8/57  •»  

2 : • j ^ c 

18,3  72 

- . 1 ' ^ j . - " 7 

?’}.  1 qi^ 

18.172 

’ 15  . 

t.i 

C . 1 15  8^  - . ■» 

?: . ■'C3 

I.^lZLV 

, .1  :3 

2:  . w?7 

1 8,3 ' 4 

!•  281 

^ ^ 6 * : •' . 

:.9?4?£-:4 

?. iiM9'-r3 

20,  551 

1*.495 

C .863, c- "4 

21.0 18 

18.917 

1.  32h 

3«5F  «c . 

C . 88?5P’-0  •• 

:.9‘.w5t'-C4 

21. 487 

19.338 

o.95rj{-C4 

21. 595 

19.435 

1.  334 

loee-j . 

C .1  ]9wE-3  •* 

_!•  1121L-71 

21. 7 :■» 

19.533 

: .np8«^-  33 

21.974 

19.777 

1.  35^ 

3 8 6 “ T j . 

C.l  C’6‘"-C  3 

0. i936r-c :» 

22.  246 

20.0  2 1 

. 9l>  *. 

22.469 

20  .222 

1,  375 

38  75*::. 

r.iCwf  L-:  ■* 

3.10u6r-C3 

22.69? 

20 .42  3 

" .1  .‘^7;.- 

22. 97? 

20.675 

•1.  3<i7 

»“7?w  . 

C.  3 151. -C  3 

23.2'^? 

20.92  7 

- . 

2 3.?h‘ 

21.218 

1.  4?1 

78  TuOj,  , 

L iJUr -8  :• 

‘Lsl_3?4irIJL__ 

27. 8qo 

21 .5  C 9 

' , q4?t^  --  cu 

2*..  175 

21.753 

1.  441 

76:: . 

0.135'*E-lJ 

cl  352c:-v  3 

?-. 442 

21.998 

C.171.2--  :3 

24, 967 

22.-70 

1.47'; 

«.  ..Ib’.  i-s,  •» 

:.  ie2?‘--:3 

?*;.  49^: 

22.943 

^ . i4'>7- - :3 

?=. 9«3 

23.385 

1.  5-5 

3«  9-o0  , 

c.i"j  ?>-: 3 _ _ 

,7_.17CVi^u3 

_ *4  74 

23.827 

j . 1 q , 8 — : 3 

27, 16? 

2-.UU6 

1.5  4*. 

,»-._2I?2"-"'' 

0.  232?'>-  3 

2*".  8'^f 

?5.0b5 

^ ■-C3 

23, 727 

25.851 

1.  5^6 

. 

-.27?  ■* 

".2316r-3-' 

29,  5P6 

36.6  36 

r .24 ;5.-  :3 

3u, 14L 

27,130 

ii6n 

3“  K . 

.^♦r: 

27.623 

0.528 

3:?CC»'3. 

.coc 



.f  ♦oo 

1:.  392 

9,082 

' '5 

1". 556 

9.5C  1 

"•613 

c . 8 7Hi.t-C  6 

r.  il2'»l--4 

11.-21 

9.919 

: .i:. 2E-:4 

11. 177 

10.055 

_!•  6 3Z_ 

’:»25'': . 

1 *• 

3. 1195w-t4 

11. 324 

10.192 

L . 1 ' 1 8 . 4 

11.511 

1C  .3f  0 

O.bTC 

■'oscc:. 

0.1  34l£-w4 

0.  i3h3-:-C4 

11.696 

10.528 

o.l3c2*:-C4 

11. 8P3 

10.7:4" 

0.  704 



u . 1 41  «E-C  4 

".1419E-Ch 

12. C 

10.879 

- . 1 ^ " 4 ■ - c 4 

12. 3C1 

11.3  7 1 

0.  ’^41 

U. 1 ^44t-34 

12.  51'^ 

11.264 

• i6'  0i>  - Ch 



IZ.  7 t ^ 

1 1 • •.  ■ 3 

9.  773 

372-:'. 

J .1  w 

0.  I742r  -‘>4 

12. 891 

11.6w2 

: .1  ’“5i-:4 

n.  117 

11  .8l  5 

. 0 ? 11 1 

37 ‘‘IJ',. 

W.18'’9t-C4 

0.  1 82.3£-r4 

13.34? 

12.C  - 8 

.1'77.-:4 

l’.5C5 

12.155 

__0 .8  3 7 

• 

: . 1 8*  ?s---  w 

3 . 1 88  2'-''- 

!■».  66? 

12.3.1 

- . 1 4 

1^.  iS7 

12. 4f  8 

3.  867 

3 / •»  7 <* . 

w .2?1  Pc--  4 

C.  ?32^--‘4 

1 4 , L •»  e 

1 ? . 5 7 - 

14. 2>c 

12.782 

_9.  893 

C.27l-.--'*c 

J. 2716^--- 

Iw.  361 

12.925 

r 0 « : c.  - : 4 

14,546 

13.09  3 

C.  921 

■''* 0-  *5 : . 

*.3r6:t-uH 

0.  ’3fc55-'*4 

1*,,  774 

1 3.?f  1 

' '4 

14,9^: 

13.455 

0. 954 

’ “ - ' j . 

J . 7 1601- -4 

1 . 1 f.  f 

1 ^,649 

c 4 

11,3’' 6 

13.878 

w 98*; 

3 “ 1 - : . 

C . t 7u  7~-Q 4 

-.  7 3<48t  -w^ 

1'=.  5 «b 

1-.G2'' 

* .■•f:c'’-v4 

15,  81.? 

1-.258 

. !• 

: - - 7* 

:.  J_7'5''-r-_ 

16,  0 4P 

1-  .48  9 

. 

16,  »77 

14.779 

1.  ?59 

■ 0 . 

. . 3 vi  4 

: . ?«35C-' 4 

16,  65'- 

14.990 

- .?''OL  - - '.s. 

16,  ^4  5 

" 15.0 70 

1.  071 



*: . ■*  V . - - 4 

: . ’5:ut -c- 

16,  8 ■»- 

15.1  1 

. . . - 1 : --  - : (4 

17, : 1 

15.31 2 

1.J94 

3 8 w L c : . 

''.  4 7"_CE-w.h 

C ._Jj7  C u I - - . 

l'^.  1 9^ 

15.^ ' ^ 

- . 4 “^Ow 

17, 

1 6 , t, 

^u:l 

ii.4'’: : . . 

C . 4 ,:  r . ^ ^ 

1.  •.‘♦IjC-v.  4 

1". 571 

15.81  H 

' .4.2:':^- 

17,744 

15.972 

179 


TABLE  C-6.  (CONTINUED) 


t-t-f  ♦•f. 

f44444»f4f444 

♦ ♦•444f44*4  444 

9ASIC  0 

M T A 

CA/^N  calculations 

0AM  Ar,r 

PAKAM^TcO 

A 

N 

5 T ‘'OL^ 

«-T  mPL** 

Tmcpe  pt. 

K^h  X 

0>L  7'a  ■< 

IN. 

: Y'^Li  - 

Sctp: ( a ) 

SLOPT  r^) 

li? 

. _ ' ' 5 .“If 



: - V.  - _ 

; . 

1 ' . 91' 

lo  . 1 '’  5 

' . - ^ 1 ^ •>  r ** 

1^.12' 

16 .3  u 

^ ^ r 1 1 . 

'.*  • *•  '**1  ^ - w.  *♦ 

. . 7 1 

1 ^ ^ ^ ? 

16. ‘♦Oi 

' . - ’ . " - - 

1 “ . 7^  w 

10.52  ^ 

7 - C ' 

L t o'"  . ” - J •* 

3 • ' 650  ^ -C  •* 

1 - c - 

16 .5  o*. 

, f.  A r _ ’ ^ 

1 u<:  2 

16.516 

• - 

:. ^1251 ~ - 

1^.  =1'^ 

1 0 . 6 6 7 

1 -5.  ==  •‘t 

"“l6.72e 

t 
* -> 

i 

i 

7 * 

''  r ^ 

1 “ • 6 5*- 

_ _ 1 6 . 7 - ■» 

. . . - --^ 

l"=  . 6 - 

lo.  1 1 ^ 

-.1^.1  ?■! 

—»  ^ 2"^  ~ f-  - '*  w 

:.  ’275--:^ 

1 ^ • 7 ~ i 

.0. : 

1 a , 7 *.  «- 

16,  ■>  " 0 

-LlUJ 

: ■•  e - " : . 

w.51'52S-l  t 

] . ?35a^-D<* 

♦ a 7 7' 

16 .a  ^ 3 

■ 

19. : af 

17.177 



'C  . 

3*‘-65''w-r‘^ 

19. UL 1 

l'^.‘.ol 

, t...  . T“  *• 

19.  <.6** 

17,517 

1.  ?2T 

- .55*= - 

10.  525 

17. 5'^. 

1 .'3'wb3  - .'u 

19.  6 5"’ 

1 7 , 6 ■*  6 

c . 6 7' - 

<^737:.-:  , 

10,777 

1 7 . ' ^ u 

~ :v 

10. 91  3 

17.922 

l.  256 

• . r -jr  ' “ -r  ». 

:.o9;o  l-:‘4 

?'’  • : ^ " 

1 a . : - 5 

. i. 

2l . 1 

i a . 1 6 9 

1. 27: 

i ^ * r • 

. . L 

: . ~ oco"" " _ 

z:.  3 2'" 

ia.29  3 

2:.  - 95 

ia,-»..5 

l.2‘»6 

3-'-.  . 

Z".  or  - 

1 a.5  ^ 7 

. , 

_ 

20.  if  a 

ia.7-,1 

_!•  ’0" 

3 _^  : . . 

» o n ' c - C 4._ 

*! ,_  « a u U ■ - ^ 

’1 . r ■’? 

la. 965 

. . :5  : _ V “ - . *4 

21. 253 

l:).l  2 a 

_l. 122 

T 4 -»  a * ^ 

_1.  “ 31  ’t-''- 

^_2l2-.-.u 

21.  *.  -w 

19.291 

~ . . V:,  jt  -“'w' 

21.  6 c: 

19. -.5  i 

1.  7?, 

3 ' . 

: . 

: , ^ 

Zl . ^ ‘ 7 

_ _ 19.626 

^ 3 

22. : ^ *” 

19. a = 1 

. 1.  T5^ 

}j  :j_*_.  _ 

_ 

1?  - - 5_ 

" •_^_c  3 - : - _ _ 

c2.  ’"7 

2O.G  7 6 

Z*’.  -0? 

20.7-3 

1.  i’5 

C , a- 4 L 

a.  os??'  -:- 

2*’.  '^77 

20. -1  3 

* . ^ 'U 

22.  7QE 

20.5  13 

1. 

7 4 4 r ■!  ' ^ 

• ^ * U w 

22.  0. 

20.61 5 

180 
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_0,_2J»45j,-3  5 

11.2  78 
11. 41C 

'5.679 

5.705 

C.6^7 

6 « . . : . . 

..2E.32 

-''5 

:.2253£-:5 

:.  2253(.-?5 

11. 56C 
11. 71C 

5.780 

5.855 

C.  h27 

6 9 : : c '■j . 

c.c"  .5> 

-C6 

0.2  112^-: 5 

11.8  71 

1! . 952 

5.916 

5.976 

0.649 

7 ^ tr  »•  ? , 

- .5 



0.?332^-:5 

f*.  ’332t.-u  5 

12.  C «c 

12.  22c 

6.047 

6.110 

0.67^ 

7!.  *.. 

' .24L5F 

- '"5 

:.2^?3£-C  2 

0.2'*23"-'5 

12. 166 
12.516 

6.184 
6.25  8 

''.  705 

’2CC . 

» n £ 

l.?57:e:-os 

0.  iGMOE-:*- 

12.712 
12. 907 

6.35b 
5.4  5 4 

:.7^7 

725-  :c . 

. ^ i . L 

. C 

C . ■»  *.2 t 

j.  3425t-C 

'17.345 

11.17? 

6.520 
6.5  87 

0.7  jq 

7 3 c . 

3 • ? i?  3 F 

- ^ C 

^ . l-E  .E-w  E 

3.  395''--. 5 

13.  252 
M.  331 

6.626 
6.66  5 

C.7b5 

775C00. 

“ .5P  .9 

• . c 

.c  , 

. f.  ♦OO 

13. w92 
IT.  654 

b . 7 4 6 
6.827 

0.  521 

65  3C  :c . 

.£OC 

.£♦00 

1C. 7:1 

5.351 

_0..5_36 

6e:w  J3. 

-.13''GE 

-C5 

L..1.-5^.E_^C_5 

_u.m"7c-:5 

10.  7 81 
1C  . ‘^*'1 

5.391 

5.431 

_lsJi5? 

6 7.c::ij 

’ w .i  l Vf- 

- : 5' 

..  C»Mh->£-G^ 

._.3j_19ML-':5 

1C. 96C 
11.059 

5.4  8 0 

5.5  3 0 

C. 575 

6*^  V “)u  . 

--5 

r . 2C5  S£-w  5 

0. ?059w-: 5 

11.  1 9*. 

5.597 

5.665 

_1»_5  93  _ 

. , 

w .1  ®»-.5  2 

- cs 

_ c .i_9^?:-_ci 

0.1962“-: 6 

11. -4? 

11.  554 

5.721 
5.77  7 

C.61h 

7 . V,  C C . 

> 

- .5 

'^.73''  «L-:i  _ 

J . 2 3 u •' 5 -.^5 

11.67? 

11.801 

5.979 

5.9:  1 

1.  o4: 

71  J*-  C.  . 

-35 

C . 277  ?E-:  5 

:. ?773£-: 5 

11. 065 
12.159 

5.97  8 

6 . : 5 5 

0. 669 _ 

"^  2 u " C . 

• ' 

. f ^ 

C.29^'»5-:t. 

j.2917--:5 

U.2  9: 

12. 471 

6.1*.5 

6.236 

" • ? ® ° ? t. 

-cs 



-p _ 

12.550 

12.647 

6.279 

b.323 

0.702 

7U'"'*  . 

y .T^  *j ' ^ 

- C 5 

C .•»60C,£.;c 

0.  ■»695£  -C  5 

1’. 769 
1?.  “’Z 

6.380 
0.4  3 6 

j.  7 21 

_.__7  ’S"*: . 

. . 

- '5 



.*■  ♦CO 

12.  9^*6 
M.  ic: 

6.49  7 
6.55  0 

0.521 

6'^  3:G3. 

.£♦0 

.£♦30 

10.686 

5.143 

. 0»  515 

« .1 

« "'C 

t .IwC  ^1-0  5 

''.1498c-''5 

1C. 766 
ir. 846 

5.38'« 

5.423 

_0.550__ 

- . 1 ‘J  “ 3 1 

w_..i;r22-i5 

Jo. 17C5Z-C5 

1 : . 9 4 2 
11. 037 

5.47  1 
5.51  9 

0.569 



w! . 

“:7m?  5-: 

- .5 

C.?23/F-3‘' 

.. 2237- -35 

11.  1 4? 

11.256 

5.573 

5.628 

J.'_5^.5 

6 9^cj_C_. 

: m: 

- 25 

C .2?‘^FE-:5 

C.  72  75f_:^-  5 

11.  •.  15 
15.6  7^ 

5.7  C 8 
5.78? 

7 : J c J 3 . _ 

iTm"T' 

'Z'C 

C .246‘^£-3f 

0.24652-05 

11.6®9 

11.8:? 

5.844 

5.9C  2 

’1.  K. 

. i T'Te 

- c 

. .22**»:-l  5 

C . 2248' -.5 

11. 986 
12.168 

5.993 

6.0  84 

P . 

'*  .li-f  9E 

- :5 

: .1 39.E-n6 

..  25151  5 

M.  2 67 

12.  ’ *4^ 

0.12  8 
6.173 

c . ^ : c 

-.5 

12.H  7f 

6.21  9 

183 


TABLE  C-7.  (CONTINUED) 

BASIC  data 1 ^ALi^LATIONS  PAM  A&^  _F  AP  AH  "TER 

r ~ N " SI»OL‘’  " " s'lMPL^  THPc-t  PT,  K^^AX  DELTA  K 


IK. C^L.:S SLqP,  f A ) SiOK'JP)  ^Vj.OIP_P_! — 


0.  67U 

7 5 w 1 C . 

r .27«  t> 

r79CE-:£ 

12.  53C 

6.265 

: • b>l7 

. .?'2:E- ^5 

7 ’ 0 C C 0 . 

C .29P:'’-l 

J. 299CE-:5 

1?. 627 

12.694 

6 . 3 L 4 
6.342 

C.  72h 

- , ;E-c5 

^ 3 *3  0 ’ . 

.lK  ^ 

.F  ♦00 

12. 7QC 

12.  99fc 

6.395 

6.44® 

S PE  C I i*"  N 

KJ.=  AL-6C-1-.-  vT  L^  SI=’rKGTH=  63. 

?C  THICKNPSS= 

■*.530  WI0TH  = 

4.  occ 

^PLCI^i  N 

0.765 

TYC'^rLC.  iTOj-Sr  CiP 

S T 3A ^10  =_J  ._ 5 

:j. 

' ■»  p ■:  c c . 

• c ♦: : 

.£♦'’0 

19.627 

9.81  4 

'!  «3i.l2"“C‘* 

21. 049 

10.525 

n,  915 

7 ^ c . : . 

".5?2b^-C‘- 

.J.4 1?:,- 0 3 

22. ‘♦71 

U.236 

1.  C73 

".1‘='34E-V 

7*.  1 : QC  . 

• E : 

. t ♦bO 

24. 239 

25.C:7 

12.120 

13. 

C.  72i 

735C0C . 

.£♦00 

.£♦00 

1*. 631 

9.416 

0.  917 

. 19'*3F-  C4 

7 >«  C w 0 w • 

C.?l61c:-C4 

0.2612£-u4 

19. 7C4 

2C. 577 

9.852 

10.288 

« ,27>t£-C*- 

20. 635 

10.41 8 

j . 8 ^ 

7U1-';''. 

.£♦0'' 

?i_^oo 

21.  093 

10.547 

0.  704 

735C00 . 

.EOP 

.£♦03 

16. 536 

9.269 

C, 9 14 

u .?1«^0E-  C4 

74.CC'’r. 

3.2637E-g4 

C. 44:3l-u4  

19.527 

2C.6ie 

9.763 
1C. 258 

1 ,49-5-- 34 

20.974 

10.487 

0.  662 

741. wT. 

.£♦02 

.£♦00 

21.431  - 

10.715 
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TABLE  C-8.  FATIGUE-CRACK-PROPAGATION  DATA  FOR  2124-T851  AT  R = 0.250 


SPf  r t'le  N 

SPFC  I M 

♦♦♦♦♦♦♦♦ 

pasic 

A 

IN. 

0 . 

S9.=  flL-?- 
TYPt-rr,  M 

nara 

N 

crci rs 

1 57609CO . 

:-.25  vrrLQ  ^rR^^JSTH=  63. >0  THIC<sr55=  0.500  KIOTH=  6.000 

STprcr  3C?  LOaO=  2.533  ST>rsS  9aTin=  0.253 

oa/ON  CALCULariONS  oaNaoE  papaMEiER 

SThPLE  SlHDir  THPEE  PT.  KMAV  DELTA  K 

SLOPEia)  SLOPf  (PI  OIV.OIPF. 

44444444444444444444444444444444444444444444f4444444444444444f4444444444 

.£♦03  .EfOO  3.115  2.336 

0.  S?7 

?3  ^ 600  00  . 

j.?395E“^7 

C. 3599E-07 

0. 4575F-07 

n7 

3.279 

2.459 

0 • 

2 ! 7 3 C 0 ? ] . 

5. 60  77*:-  37 

0.6246F-07 

0. 6241F-C7 

3.  376 
3.473 

2.53? 

2.605 

0.f»50 

22  7 3C001  . 

C.6410E- C7 

0. 5395F-07 

0. 5 3 97F-C7 

3.576 

3.679 

2.652 

2.759 

0.  754 

?373c:oo  . 

C. 1 C ^9F- 06 

0. 1165E-06 

0. 11 65F-06 

4.303 

7.88T 

3.00? 

0.  1 

7 4 3 7 c : 0 : . 

0. 1242E- 36 

0. 1424F-06 

0.  1425r-C6 

4.232 

4.400 

3.151 

3.  300 

1.037 

?57?pn3  3 . 

C.1557E-U6 

0. 1923E-06 

0.  1919r-C6 

4.635 

4.576 

3.479 

3.657 

1 . 255 

^67?CC0 j . 

r.  >'>«^^r-  -76 

0. 3336E-06 

C. 3349E-C6 

■“^.24  4 

5.61  3 

T.^33 

4.210 

1 . 6ft5 

?76  C!  03  . 

0.  4 770»'-  06 

. F ♦ 3 0 

. F^OO 

6.  41  3 

7.  21  4 

4.813 

5.410 

0 . 335 

1 5760C0 0 . 

.£♦30 

. F^OO 

2.553 

1.937 

0 . 345 

?3  760CCC . 

^.517^-05 

0 . 1265F-07 

0.2064F-07 

2.603 

2. 62  4 

1.^37“ 

1.968 

0.  37? 

21730003. 

C. 2fll4F- 07 

0. 4193F-0  7 

3. 41 5? F- 07 

2.676 
?.  729 

2.007 

2.047 

0 • 4?/) 

??7  3COOO . 

C.5530F-C7 

0.  1 25  7E-07 

0. 1255F-07 

2.531 

2.934 

2.124 

2.200 

0 . 395 

2373:c00. 

■^71015^^^7“ 

1 24  5F-C7 

-.  1 2 45F-C7 

7717^ 

2.524 

7.JTT 

2.118 

0.40! 

24730003. 

:.  5200^-05 

0. 1035E-0  7 

0.  11 CIF-C  7 

2.5  33 
?.  543 

2.125 

2.  1 3? 

0. 41  ^ 

25720000 . 

C.  1677«^-  07 

0.  >55  4‘'-0  7 

0.  25  72F-C7 

2.573 

2. 90  4 

2.155 

2.178 

0 . 460 

? 6 7 ? C G C 0 . 

C".’4“35  0c- 0 7““ 

0. 2265F-07 

3 . 21 93  E-C7 

3.049 

T7?17^ 

2.287 

0 . 464 

?76«  03C0  . 

0. 3750F- 05 

-.5071^-05 

1550  E-C7 

3.056 

3.  06? 

2.29? 

2.296 

0. 45  3 

2 5 1 ? c : 0 c . 

-. 2432E- 07 

.E»00 

. F^03 

3.043 

3.024 

2. 282 
2.268 

0.  395 

1 ^760000 . 

.E^OO 

.£♦00 

2.515 

2.112 

0 . 401 

?0 760000. 

05 

0. 291 2E-05 

C. 3l65f-05 

7.875 

2.535 

2.113 

2.126 

0 . 404 

21730030. 

0.34:2P-05 

1599F-0  5 

14  49E-C5 

2.841 

2.847 

2.131 

2.136 

0 . 395 

227  3o: ro . 

-. 6450E- 05 

0. 550  0 E-0  5 

0. 55C0f -C5 

2.836 

2.824 

2.127 

2.118 

:.i5C5r-  O'? 

7.837 

■ 2.143 

0.416 

2 3 7 3 C 0 0 3 . 

0.  1 325F-0  7 

0.  1 3 25E-C7 

2.  590 

2.  167 

0 . 424 

24730030. 

: . 5 45cr- 05 

0.  1C73F-C  7 

0.  1)  73F-07 

2.905 

2.921 

2.179 

2.190 

0 . 437 

>5720003. 

0.1 29aF- 07 

0. lb21F-C  7 

0.  1617F-C7 

2.  944 

2.96  7 

2.238 

2.225 

0. 194  or- 3 7 

— -- 

~r.oo  1 

2.257 

0 . 456 

2672000 j . 

0. 9949E-G5 

3. 9555F-05 

3.  036 

2.277 

0 . 456 

>7650000. 

C . 1 342F-P9 

0. 2643F-05 

0. 5643E-05 

3.036 

3.  036 

2.277 

2.277 

0.460 

?5i 20003  . 

C . 5 1 5?E- C5 

.£♦00 

. £♦  00 

3.04? 

3.049 

?.28? 

2.287 

SPFCI-*^N 

NO.-  AL-’a-l- 

. ? ''!  • L? 

t3.2C  TwIC»<NESS=  3. 

,7.0  N TOT  Hr 

w.  ^CC 

^rrr  iHt  N 

1*1^  ’S  3 oc 

LC7^=  ►j.DwC  STP'SF  =a-IC=  0.>f: 

0.  335 

3 00  JO. 

• £♦00  .L^OO 

6.  250 

4.694_ 

9 .44»  C6 

6.25? 

•♦.711 

_0_.  3 39___ 

3.f50LE-C6  6.(8C0E-C6 

e.  3C4 

4,7?8 

C .97  JF-:6 

b.  3 49 

4.7d? 

0.  348 

qn-  30, 

C.96C7-Cb  n.  9375r-C6 

6.  3?F 

4.796 

^ .95'»5t:-  '•f 

6. 491  ^ 

4.868 

0.365 

7 or  JO  . 

C.9C?»‘‘‘-C6  O.P925r-C6 

b.  557 

«• . 9u  0 

- . ♦2?5«^-  C6 

6.  667 

5.UC  0 
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TABLE  C-8.  (CONTINUED) 


BASIC  DATA  DA/ON  CALCULATIONS  OAMAG*"  PAPAMrTFP 

A 

IN. 

N 

CVCL5S 

SIMPLE 
SLCP£ ( A> 

SIHPLP 

SLOPP  fP) 

TM4EE  PT, 

01 V.OIFF. 

KMAV 

DELTA  K 

♦♦♦♦♦♦♦444444 

44444444  444 

C.38U 

o:. 

C .46?5w-3  6 

u. 46?5L-n6 

6.  746 

5.C60 

: .i:25P- C6 

fa.  756 

5.067 

0.  ’8b 

1 1 c c n :• . 

’56  J‘"-C  fa 

3563P-36 

6.  766 

5.C74 

: .cl 

6.  8?4 

5.11  8 

J.399 

l ’ J C J L . 

U.5  H.P-C6 

:.5803E-0fa 

6.  862 

5.162 

^ .55r :6 

6.  93- 

5.2c  1 

0.413 

1 = ■:  w : : . 

C.1''’U-L‘^ 

C . 1 0 ’Ici-C  5 

6.  9‘‘6 

5.24C 

C .l^OTC.^r 

7.126 

5.3^5 

0.  hhO 

I’o. :". 

C.131  5P-C5 

r. : 3156-C5 

7.  266 

5.449 

^ .11-77-  .5 

7.  ’71 

5.5  2 8 

C.  46? 

1 9 : : •:■  c . 

''.1132:-C5 

0. 1 132P-05 

7.476 

5.62  7 

1 . 1 1L8 :-  '5 

7. 579 

5.685 

y • H 85 

2 1 u : c : . 

C .04: w£-C t 

J.  Q4!jC7-''b 

■^.663 

5.762 

r ."5?5t.-:e 

•’.751 

5.813 

0.  53j 

2?CC‘3C. 

f .7  ir  :f-0  6 

? . 7 1 liOc-tfa 

'.  sz*- 

5.8b5 

C .c-:>-5  7-:6 

8 «C 

5‘.9ly 

C.513 

?'^C"  . 

C.  10c  9P-C  5 

G. : 0C9'"-:5 

941 

5 . 95  to 

. .1  -^JL-  "5 

8.  063 

6.C47 

0.  540- 

270^'':. 

C.1157£-C5 

_3.  115’--:5 

".165 

6.139 

" .90-.3'-  .6 

8.27? 

6.234 

'^.  559 

2 9 c C j c . 

C.l2Ql--':5 

Cj.!  2jil.r‘^  5 

8.  ’ 59 

6.269 

: .ioi87- r5 

6.379 

0.59? 

? 1 c : j : . 

L . 1 56:r-c  f 

C. 1560  7-:5 

"•651 

6.4  S 8 

^ 3 5 

8.  786 

6.590 

. 

C.15’9t-C5 

w. 1539c -‘5 

8.  9?r 

6.591 

c.l'  "5:.  - '5 

9.364 

0.798 

0.653 

3‘^C:9y. 

.^♦GO 

9.  2C7 

6.9C  5 

0.335 

330C3. 

.£♦10 

• £♦00 

6.259 

4.694 

3 • fi  4 1 C c -T  6 

”6730  1 

4.726  ■" 

0.543 

y C u . 0 . 

u.fa275£-C6 

0.fc275£-C6 

6.  343 

4.757 

z • •TIB  cr-  C 6 

■“6736  4 

4.773 

0.347 

0.4617L-Ce 

G . 438  3£-G  6 

6.  364 

4.788 

L . b?xr-  C 6 

6 . 43  2 

4.624 

0.357 

7:lc0. 

J.He75t-Cfa 

0. 4t75£-0fe 

6.460 

4.660 

c.4I;3Cl-C'6 

■fa. 574 

4TB93  ■ 

o.3et 

9 j C C G • 

0.5337£-Ce 

0. 5337t-0fa 

6.566 

4.926 

■ ■ ■ ' 

__ 

3 .6 17 5*: -re  ■ 

6.628 

4.971 

0.  ’78 

-.422  7P-C  7 

u.lC’7r-c5 

b.  687 

5.016 

n . 1 : iwt- ^5 

6 . 7 e 4 

5.C88 

0.399 

1 ^ 3 " '-n . 

C.115.5-C5 

0.  1 131^:5 

6.8"! 

5.161 

C .125  J-'-GS 

• 

6.  999 

5.249 

3.  424 

1 5 c : I : . 

u.l28QP-''5 

C. 12895-55 

7.  117 

5.338 

C .17?5r>"5 

7.240 

5.43C 

_0j^450 



C.l  jC9'-C5 

-C,  110i£_-C5 

7,364 

5.5?3 

' 9?5 -:~C6~ 

7.427 

5.57  1 

■J)i.4b.». 

C . • 58  8i,-G  6 

C. ® ee8P-56 

7. 4QI 

_5.61 8 

•;  . i:  ^5  5-  3 5 

7.591 

5.697 

Oj  486 

? ij  ^ . 

C .I14.:c-C5  . 

0. :i4CP-C5 

7.  6QC 

5.76  8 

. . 1 1 95  : - ‘ 5 

7.799 

5.849 

^ITwCC  . 

L,l^"i-OP 

a.  1 307..-C5 

7, 90“ 

5t93  L 

- .i4^j  -:--5 

8.0  26 

6.02  7 

3.538 

8.  . 

- . 12“  !5-w  5 

C . 1 2n£-:  5 

".164 

6.»1  2 3 

:.ii42--':5 

8.265 

6.2C1 

Wf  56l 

LLv;.'::... 

0.11.85l-w5 

e.  ’71 

6.278 

^Ti~2?8  >,5' 

".481 

6.361 

Q.585 

?'’  C 3 7 . 

_ .w,1574P-;r 

v1534c-:5. 

",  592 

6.444 

:'Ti  “-oi- :5~ 

8.79*; 

6.56  8 

_£a6^?_ 

^ 1 ^ " • 

_w_f  IM  7P-L5 

r..ie^7c.-c5 

Of_924 

i>.6  9 3 

w .1  7’5:  - :5 

9 . : 8 4 

6.813 

..C.658 

»-_.2C3(E:-Cp 

:.  ?'‘’6=-'-5 

9.  245 

6 . 9 3 H 

• .'^’‘-8‘-''5 

9.  55 

7.2  91 

0.734 

•»  r r r n j . 

- 

. p^: : 

. ^♦':c 

9.  665 

7.2s9 

0.333 

30C0t. 

.£  ♦«:  0 

.£♦00 

6.  243 

4.6  82 

3.64  .3l-56 

6.275 

4.7C  6 

C.  339 

4 O'"  0"  , 

r,7  6?pt-y  fa 

:.7fa25£-C6 

6.  3C7 

4.730 

C .88. O'- 0 6 

6.  3 51 

4.76  3 

0.348 

5c:  wC. 

_ C.8Q  1 

G. ft883c-:6 

6.  395 

4.796 

•'  . 8^5  C£-  ':6 

6.  h83 

4.862 

0.  366 

-’cco:. 

C.o?l?‘^-36 

0.9212L-06 

6.  571 

4.928 

f',9-.'5'-  ce 

6.  66? 

4.997 
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TABLE  C-8.  (CONTINUED) 


BASIC  data 

............. 

........ ..... 

OA/DN  CALoMLAtionS 

damage 

4444444444 444 

PARAHETtP 

DELTA  < 

4444444444  444 

5.C65 

a 

IN. 

N 

CYClE^ 

s T .-P  L £ 

SLOOt  (A) 

SIMPLE 

SLOP. (°) 

•^MPEfc  PT, 
ni V.DIPP. 

KMAX 

m.3^B  Ic)-. 

r .75f  2--ce 

.............. 

C . 7Sb2£-36 

6.754 

C .•^690F-C6 

f . 9 T8 

5.1C6 

0.’96 

iir c i:. 

('.8TB 

0. 3387E-C6 

6.86? 

5.1-b 

''  .11125-  :5 

6.  967 

5.225 

0*  uiq 

1 ^ W . X J . 

r .966  :c  -Cb 

C.  9663l-c  o 

7.07? 

5,3:4 

f .82 : j'  - :6 

7.  1 49 

5 . 3 1 2 

C«  435 

15  r--:.. 

0.913 "^-06 

7.225 

5,41  9 

1 36 

7.319 

5.499 

3. 

:.iiT^t-C5 

_ a.ll75{  -C5 

7.  4 11 

5.559 

: . 1 --  '5 

7.5  25 

5.651 

1°:': . 

L.ll39P-:9 

j.  im'-cs 

7.659 

5,7w4 

, > 

7,7  4^ 

5.9C  7 

0.5C1 

2 \ 

G.  -:j_ 

7.  92® 

5.871 

m 5 

7.94« 

3.9E  1 

0.  5?’ 

? 5 3 : u ' . 



_ 3.  14  71C^C_ 

8.089 

6.35  2 

: .I'^i  T--  6 

8.21*. 

6.161 

C.56C 

“>  r . 

Cj_i^':"-:.s 

. A*  1 ^c?>-:  5 

B.  36C 

6.270 

7 0'»--*Ci 

8.  H P*" 

0.364 

n.5''7 

?'r-  , 

. 1 - : c 

r. i?tH6-,5 

".611 

6.4‘'  8 

3 . :5 

8.731 

6.54  8 

C.  ‘'Ih 

? ->  c : : " . 

u.l66w‘'-C> 

-.i6P4^-:p 

9.  851 

6.6^9 

5 

9.  : 7? 

6.77*. 

3. 654 

"*  1 .'  L,  J • 

. .217L--C  6 

:.^17h'-^5 

9.  212 

6.9:9 

. .?''‘’5c- 

9.  427 

7.C7C 

0 . 7 c 1 

'■*'''*  ? • 

" .’54  l«. -C  5 

*(.  2 5«.l‘"-:5 

P.442 

7.’ j2 

'^.  99E 

7. *.22 

._ 

. r 

lu. 1 40 

7.612 

SPEC  IM£  N 

NO.=  A. -■^5- 

1-. 2 Y^  .n 

6’. 

TwirKNESS- 

^.5.3  WIDTH:  . . CC  i 

TY''''roCf  M*.XI1U“  .r^LSi 

r5  .LC^r=  .OjwOC 

.5_r5,'Sr  CAT  10  = 

0#  7or 

36C : o: . 

.F  *0  P 

.POO 

12. 9 44 

9.633 

t .wiJGc-CS 

12.971 

9.72  8 

0.7?! 

ns; :% 

C .’PT55-C5 

0. T975E-CS 

13.098 

9,823 

3.3820  £-CS 

13.216 

9.91  2 

n.  740  * 

3 7 w vj  w C . 

r.4u6:£-05 

C. 446CE-C5 

13. 334 

IC.CC  1 

C .5i: Dl- C5 

1”*.  494 

10.121 

J.  765 

3 s ^ n ': . 

C .75®  SC-C*" 

0.75855-35 

I’.  b‘’4 

10.2  40 

u . 1 :c7  > :4 

13.  97*^ 

10.481 

0.616 

38  oroc . 

0.801 

0. 77C7P-C5 

14.  296 

1C. 722 

: .f 6lC  T-  .5 

14, 424 

ia.9C  3 

n.  •!? 

3‘^2‘^‘)C  . 

C)  .9  29.*^-C  5 

0. 5290E-:5 

14, 511 

10.883 

c.m^t.-  '•h 

14. 7 CP 

11.3  31 

3.  S6? 

C.122c‘^-:4 

3.1267E-^4 

14. pr6 

11.18: 

14.993 

11.245 

3.  675 

7 6 L C % 

C.137 

3.137’‘^-‘)4 

15.  0 8C 

11.313 

15.179 

11.384 

^ . 6 90 

■*±7^  jr  , 

G.13’>^-04 

0.  1325;.-ri. 

15,276 

ll.w57 

-.i2:3‘^-:4 

15, 359 

11.519 

3.9C1 

7 3 .»  ' 1 . . 

m.14^7£-C4 

0. 16C3I-C  4 

15. ^41 



11.5  SI 

3=^8f  3v  , 

'^.i  - - V 4 

0.1T5CF-C4 

15. 5 75 

11.681 

'1 .76:-c;-:5 

15. 6M 

11.7l  1 

o39‘C:. 



0,1 115 -'-0  4 

15.b?7 

;i,7?c 

: . It  * j £-  *4 

15. 679 

11.759 

0.  93? 

^“95 JC. 

c .24’3c:-:- 

;.t237‘^-CH 

14. 7’- 

11.797 

. . ■'2^w'--:4 

15, 7 81 

11.835 

. C,931 

n9^;o. 

• 5 ♦ 0 : 

,200 

15.  3 n 

11.874 

0.746 

7 5 3 w : »]  . 

. £400 

13.439 

10.079 

Q.55®U£-C5 

13.614 

10.210 

0.  776 

369- 7w , 

i .4U4.E-C  5 

. 4440  c.  5 

13.  7RC 

10.342 

j.37nn-C5 

13.  89*. 

10.421 

0.  793 

37':f  10. 

C.5b9>‘"-05 

5695 ‘^-f  5 

IT. 999 

10.499 

3.8  9C2-.5 

14, 261 

10.695 

0.633 

’7Sm. 

" .9?C  56-0*' 

0. 9205L-C5 

14, 522 

10.891 

0.i:32!-  :4 

14, 865 

11.149 

0.  6"5 

3 6 3 L ■;  •?  . 

».  . iri9c-c  4 

-.  1 C''7E-L4 

15. 2C9 

11 .4v  7 

C . >^9,'’  ‘--c5 

15.379 

11.535 

0.  >^09 

^8?‘^CC  . 

U.ll7bc-u4 

0. 1 l?6t-C4 

15. 55w 

11.662 

. 1 ? 7 8 £ - r 4 

15.774 

11.83C 
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TABLE  C-8.  (CONTINUED) 


INi 


3«  9U1 

3 ‘'5'“t  . 

" .137  3*:-:*. 

I5l5f.-C4 

15. 998 

11.990 

0. 957 

■» « f : j c . 

0 .161 JE -C4 

3.16i:«"-G‘* 

u. 16106-04 

16.  11  3 

16.22? 

12.C  85 
12.171 

0.974 

^ .I6lw'-C4 

C .1  55r'^-C  4 

J.  155'’ '•-0  4 

16. 345 
16.46? 

12.25  9 
_12^3  47 

0 • 980 

3 • 0 . 3 L . 

C . l-9^d- 04 

" .I5e7£-Cw 

J. 1 643“-:4 

If  .'5  7? 
16. 6«? 

12.42  9 
12.512 

C.  997 

31^'^:'’. 

. .l’2''£-w4 

".1  ‘':-u4 

W.  13651 -34 

16. 746 

16.811 

12 .560 

12. 6C  0 
12.636 
12.665 
12.75  3 
12.040 

1.  Qu2 

3«cr  :c. 

w . 1 . 1 - ^ : 4 

C‘.20h5i-G<- 

_r  . 2 p 4 6 5^: 4 

lb.  8 49 
16.887 

1.  317 

3S95''.  . 

c .7:««'c-  % 

^ ’ ■'92I-C 

»■ . 6630w-L'  4 

1 7*.  0 C 3 
17,  1?C 

1.  3 ?5 

C • 0 ?•< 

io9±;;«__ 

" ,7 



.c  ♦0_0.  

17,1 77 
l7,23-» 

12,863 

12.925 

■«60?00. 

.^♦0" 

. t 400 

14,  457 

10.843 

0 • 9 0 7_ 

365Cvi:  . 

y P4 

C .976GE-C  5 

C. 9760E-C5 

14, 989 
15.5?t 

ii.?>.  1 

U.6‘*L 

C ^ 926 

or  ''u . 

C.’^T^r.cc, 

C.573  :‘r-C5 

0.  573C=--C5 

15,64? 
15,  775 

11.7  ^6 
11.831 

Q . 9fc5 

5 7 6 " : j . 

: ,77qo:-C5 

r.ii':6£-C4 

0. 1 i:6£-C  4 

If. 053 
16. 331 

12.P4C 

12.240 

!i_S_ZO 

1.  0 J6 

?»<GC  Ow  . 

0 . 1 •*  ■'•♦I-  u** 

0.1'^4q-:-C4 

').  20631-^4 

16. 871 

17. ^11 

12.653 
13.0 5 8_ 

1.  C 96 

3 “ 2ruO  • 

,•  .2  ■»'«--:  4 

0 • ?4PQc.-u  4 

C. 24992- 34 

17, 091 
18, 372 

13,419 

13.779 

1.  161 

7 0 5 : : . 

“TT2‘^?y‘^-04 

:.20^7£-G4 

0. 7 167l-:4 

10. 94? 

19,51? 

14.2:9 
14.639  _ 

1.195 

■»  06"  j : , 

C . 7^® j'-C4 

C .4?'»7'-C‘- 

0. 

19. 035 
15c 

14.876 
15,11 4 

_!• 24^ 

^‘‘7C  V • 

' .5.  ••>5  — :** 

C.^25  »5-iC  4 . . 

Lt.^?50_- -J.4 

2C. 66c 
cl, 171 

15.496 

15.878 

16.322 

10.766 

1.  3‘'J 

0 8 . :^ . 

'^T7^y"£^":4 

:.6C9:*’-G- 

C.f  76C‘'-':4 

?1. ’f 3 

3^. 

!•  ”53  7_ 

IV/K. 

, . *1  j " - : 

C . 02f  t>r-C  *. 

3.0255:-''h 

??.  79f 
?'».  236 

23,  8?C 

24. h:5 
25. 555 
?f. 73? 

17,096 

17.427 

17.865 

18.3:4 

19,166 
ly.C2  9_ 

JLt  3 03 

3‘*9: : •> . 

“ . 9.  V-  *4 

C.12’4«^-03 

Cj_l  234i-:  ? . 

3^5-r . 

.r5‘-9i-“"T* 

. E ♦ r . 
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TABLE  C-9.  FATIGUE-CRACK-PROPAGATION  DATA  FOR  2124-T851  AT  R - 0.100 


f)5.?0  THir<MES5=  O.SCO  wnTH=  f.OOO 

^prrTMFM  Ty^Frrr,  st»fs^  nAT=  ?.7S0  STRESS  0.130 



qA<;TCT^Tft  n^/ONCAlCJLATIDMS 

simple  simple  three  pt. 

IN.  CVSLES  SLOPEtM 


OAHAGE  PARAMETER 
<MAy  DELTA  < 


0 . 47  ^ 


157GCC0 . 


0 

0 . 747 


7fiC00  . 
I^Sf>OCO  . 


0.  P04 

4636003 . 

1.147 

5 6 5 e j c : . 

?.  053 

S ^ 3 ? r C 3 . 

0 . 43P 

1676333. 

0 .537 

2676CC0 . 

0.  S54 

3656003 . 

0.  79? 

4 6 5 E.  0 C 3 . 

0.964 

56523CC . 

l.?75 

b65?C0'' . 

1 . ?94 

bP0?CG3 . 

0 . 459 

1676CC3. 

0 . 667 

26  76CC  3 . 

0 . 615 

3 6560  03  . 

0.721 

4 6 5 6 3 C 3 ._ 

0.643 

565?PC  3 . 

1.333 

665  2C0: . 

1.C36 

6 JC?:3y. 

SPECIMEM  >10.=  ^'L-U-j 
SPECIMEN  m: 

0.514  ?34lOC33. 

0. 619 

74?30:C3 . 

0 . 733 

?‘^29C030. 

0 

1 

1 

?s?^o:o: . 

1 . 55S 

? 7 ? 3 c ■:  0 0 . 

0.510 

? 34  1 00  0 3 . 

0 . 535 

2 4 ? 9 C 0 C 3 . 

0.561 

252^0030. 

0.  65  3 

2 S ? 9 0 3 P 3 . 

0 . 792 

27  2 30003  . 

■7.Ti7rE^cF“ 

C. 1 S41E- OG 
C. 1SF4E- OG 

~:'.r4'7^r-!rr 
C . ^Of>OE  - C6 

C.mG--C4 
G.l 37lP- CS 
T.lTIlE-EG 
c.3icqr-cG 
C. 3A30E- Co 

~F.  iT  ^oY-  0^ 

C . 4 3 E - C 7 

P.  ICGl*^-  CS 
~T."l???Y-  PS 
G.  l''R7E-  CG 
1C  70F- Ob 


D.f  l^TT-Cb 
0. I 17SE- Cb 
G.???SE-Cb 
t . Os 


“crynesE-  C7‘ 

0.  SSIO^"-  07 
0.7??0‘'-C7 
fVi  4 78'^-  CS 


SLOPEIP)  0IV.9IEF. 

.£♦03  .E^OO 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

3.427  3.094 

— 

3.64? 

3.  Z 7 9 

3 . 1 354 E- 0 6 

0. 1 356E-0b 

3.657 

3.4  71 

4.119 

3.707 

0. 1553* -3b 

0.  l553£-0b 

4.361 

3.943 

4.646 

4.181 

0. 2031 E-36 

0. 20C3‘‘-06 

4,910 

4.419 

— — 

^.127 

4;7^4 

0.5  75bE-0S 

0.57435-06 

5.  744 

5.170 

7.930 

7.137 

.£♦30 

. CO 

10.115 

9.104 

.£♦0  3 

.£♦00 

3.272 

2.945 

— 

3.45S 

T.ll? 

0.lJ66E-0b 

0. 1390E-GS 

3.64  4 

3.290 

3.653 

3.469 

0. 1 ?64E-0b 

0. 1262E-P6 

4.05? 

3.656 

4.297 

3.967 

0 . 155?E-0b 

0. 1553E-06 

4.531 

4.0  76 

4TT2  3 

4.341 

0. 2423E-06 

0. 2420E-C6 

5.114 

4.60  3 

5.561 

5.095 

0. 314  3E-C6 

3. 379bE-Cb 

6.239 

5.599 

6.244 

5,620 

.£♦0  3 

. £♦  00 

6.  293 

5.65? 

.£♦93 

.£♦3)^  

3.346 

3. Cl  3 

— 

^ ^ 1 

3.1^^ 

0 . 7924E-3  7 

0. 76b4E-07 

3.  754 

3.379 

3.640 

3.456 

0. 7776E-97 

0. 7720E-C7 

3.925 

3.532 

4.109 

3.696 

0.  114l£-9b 

0. 11 42E-P6 

4.293 

3.864 

— •• 

4.Ti99 

4.053 

0.  15S0E-0b 

0.  1559£-Cb 

4.  706 

4.235 

5.927 

4.524 

0 . 1 65  6 E-0S 

0.  1109E-06 

5.349 

4.614 

5.356 

4,92? 

.£♦30 

.£♦00 

5.367 

4.6  30 

;th=  63.2 

3 THIC<S£SS= 

0.5  00  -<IDTH  = 

6.000 

.OAO=  3.330 

STRESS  RATIO=  3. 

100 

.£♦0  3 

.£♦00 

3.661 

3.493 

— — - — 

— "IT.UIB  ■ " 

~ T.  6T5 

0. llb4E-0b 

0. Ilb9£-Cb 

4.296 

3.966 

4,510 

4.059 

0. l660E-0b 

0.lb60F-0b 

4.  724 

4.  252 

5.135 

4.62? 

0. 4243E-0S 

0. 4372E-0S 

5.54  6 

4.991 

6.^7  4 

6.096 

.£♦03 

.£♦00 

9.00? 

7.202 

. £*00 

.£♦30 

3.  9b4 

3,479 

- — 

. 

”3.91^ 

“T.  5 2^ 

,0. 3793E-07 

0. 3S81E-07 

3.  9bb 

3.569 

4.057 

3.651 

0. 5915E-37 

0. 5915E-07 

4.146 

3.733 

4.297 

3.859 

0.  106‘'F-Cb 

0.  11  12E-06 

4.426 

3.994 

4.69  6 

6.217 

.£♦00 

.E^OO 

4,945 

4.451 
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TABLE  C-9.  (CONTINUED) 


♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦< 


BASIC  OATS  OA/ON  CALCULATIONS 

■I'’  S ■ SImPLC  CIMPLf  THPEE  PT. 

IN.  CYCLfS  SLOPF(A|  SL0P5(P>  OIV.OIFF. 


OAHAGE  PARAMETEP 
KMAX  DELTA  K 


M44444444444444444444444444444444< 


► 444444  ♦♦♦ 


0.  G5  3 

?7«4lCC0J. 

. E^O  0 

.F»00 

4.039 

3.635 

0.611 

0 • 65  C 6t - 0 7 

0.9090E-07 

• 0. B750E-07 

4.151 

4.263 

3.736 

3.837 

0.  724 

?'i?9  0 0 33  . 

0.1136E-06 

0. 1739E-06 

0. 1739E-C6 

4.479 

4.694 

4.031 

4.224 

0. 959 

?6?90C31 . 

0.2342E-C6 

.EOO 

.E»03 

5.126 

5.55B 

4.613 

5.C02 

SPEC  I 

Sf'E  Cl'^EN 

NH.r  AL-‘=A-1 

Tvr.*=c^. 

-.1  V^.LG 

CTC-'SS 

,r.TH=  6 3, 

lCAi'=  5.5r" 

2i;  TMICKN£5S  = 
STPfSr  PATIO=  0.1 

:.5:c  wn^Hr 

G C 

4.  OCC 

0.  341 

ro.G.: . 

.E^C' 

.£♦00 

5.797 

5.217 

0.35'' 

t 0.0:. 

: .pi''s  --  ct 

C.855.E-: 6 

0.8550F-C6 

5.  839 

5.  SS** 

5.255 

5.292 

0.355 

: . 79PC£-  :6 

C.6  37  5E-.e 

life  3755-^ 

5.91b 

5. 9*^2 

5 . '3  2 4 
5.357 

0.  ’6’ 

C .48CuE-C6 

w .7425*^-1  6 

C.'425w-:6 

5. 973 

5.  995 

5.376 

5.395 

0.  373 

^cco:. 

3 • 1"  C5 

C.517‘^£-Q  b 

0.5175E-u6 

6.040 

6.  C 8*. 

5.436 

5.476 

0.373 

iccco: . 

0.’25:£-C7 

7 2 7=^  < 7 

6.  0 86 

6.  C 87 

5.477  “ 

5.478 

C.  375 

iio. 

" .ii‘'u'-  re 

''.4l7:,E-w6 

G. 4175E-^6 

6.0  92 

6.097 

5.483 
5.46  9 

0.  382 

It g:":. 

*■  . /r'Cw-  Cb 

0.114w£-C5 

0. 1 14  g E -0 5 

6.129 

6.161 

5.516 

5.545 

0.397 

i jC  . 

C .156:E-,5 

C.862  EE-CE 

j:  . 16^5  E ^ b 

6.229 



5.6C  6 
5.66  9 

S.  ’99 

l-r  — 

L.427vb-rF 

L. 4275E-C6 

b . 3 L 5 

6.  312 

5.6  7 4 
5.681 

_O.JO^ 

l^’CC'C  . 

: .69- J'-CL 

:.b57?r-C'F 

0_*  &5  75^-/6 

b.  ’4? 

6.  ’7? 

5.708 

5.735 

C.412 

1 6 C «.  jC  . 

^ .6?‘=.‘"-  :6 

cl  ‘♦Lit-:*' 

0. 144CC-:5 

F.3  99 

6.42E 

5.759 

5.784 

u’S 

• j". 

C.??5p''-r5 

C .1“4/ £-.5 

.. 1 B47C-.5 

F.  523 
f'.  62( 

5.8M 
P.95  8 

0.  449 

155  1^. 

" .1^4^  ---:5 

c .121 

3. 1213E-:5 

6.681 

0.  7 4t 

6.013 

6.06  9 

0. 459 

191'":. 

^ . Q ^ C6 

C .79''Ft-'‘b 

G.''975w-C6 

6.784 

F.  82b 

b.li'b 

b.l4  3 

0.  465 

7 ' 0 : : c . 

. . 1 C'  - J 6 

'■  . 6 

P . 777*:E-C6 

b.  851 

6.  877 

6.1  66 

6.199 

".475 

2 1 : c : . 

^ ,C.uf  “ C--  - ^ 

c.l  34'»"-05 

3.1  342;.-"5 

6.  917 

6.  9C7 

6.225 

6.2bl 

C.h92 

. .1"--'-  c 

.r*c " 

7.829 

7.1c2 

0.327 

6.392 

Of  344 

50"':c. 

.£♦0: 

.<.♦00 

5.  827 

5.244 

0.  3 4. 9 

6 E 0 r . 

: .42e:c-:6 

C.54t:£-0C 

0. 5450£-0b 

5. 84C 

5.86*^ 

5.261 

5.279 

c.  355 

7 n r ^ ^ 

C.^‘^50-:-C6 

C.5475£-CE 

0. f475E-:6 

5.  805 
*=.925 

5.306 

5.333 

0.  36w 

5 j : : 0 . 

L .‘.3-CF-C6 

c.9e’*'r-c  e 

0. 9825E-P6 

5.945 

5. 964 

5.350 

5.368 

^9  0 n c . 

**  • 15  !5£-  w5 

C.e  ?5^£-Dt) 

0.  8_31P£-C_^ 

6.0  32 

6.  101 

5.42  9 
5.491 

0.  376 

1. p-: , 

^ <'6”’ 

/•^7jwC.E-C6 

6.  1 C7 

6.113 

" 5.496 
5.5C  2 

0.  392 

1 1 ? : } c . 

l.ieTrc-Cb 

C.102“P-C5 

w. 1 w28c-"5 

6.183 

6.2E4 

5.5b5 

5.629 

0. 397 

'.4r.^-.-e 

".5Q3 :c-:6 

0. 59"CE-06 

6.274 

6.  293 

5.5  46 
5.664 

_ 0.414  __ 

- 

I’-'-'i  • 

C . 7 . 0 : 6 

: . lik/t 5 

C. 1215E-L5 

6.325 

6.  357  

5.693 

5.721 

Of  421 

1 4 3 V . 

")  . 17 

c.lj'*  ’• -C  E 

P. 1 08’E-05 

6.  4 3C 

&-Li.C4 

5.78  7 
5.853 

15/.  ‘ 3jLf_. 

• .46V.  i-  .6 

C.6  62  5t-1F 

.3«_f’A25E-:6 

E.F2L 

6, 544 

5.871 

5.889 

. 

_0*i*34  _ 

1 6 w . 3 . 

u •8^*t£-C6 

C.940.F-P6 

:.94?0£-C6 

6.5  8c 

6.617 

5.922 

5.956 

c .1  ’.aoc.-  J5 

6.661 

5.995 
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TABLE  C-9.  FATIGUE -CRACK- PROPAGATION  DATA  FOR  2124-T851  AT  R - 0.100 


SPECIHfN  AL-l-l-. 

SPFCMFN  MftKt 

PASIC  TUfl 
A N 

IN.  CrCLF'; 

0.47^  l57f,CC0. 


1 yt^lo  stj»-ngth= 

mijm  STt?KS^  IIM 


S5.?0  THTr<SESS=  O.SCO  WT^TH=  f>.000 

')>'  L JO  »=  ?.7'i0  STRESS  PATIO=  0.130 

♦♦♦♦♦♦♦♦♦♦ 

nA/ON  CAlCJLATIDNS  oamagf  paranftfr 

simple  SIMPLE  three  PT.  <MAX  DELTA  < 

SLOPE(A)  SLOPEIP)  OIV.OIPF. 

4 4 ♦♦♦♦♦♦♦ 

3.4?7  3.084  _ 

" TTJTB 


0 . 747 


P8  7f>:03  . 
I 8 S C C 0 . 


0.904 

4856003 • 

1.147 

5 8 5 z : c : . 

2.053 

S 5 2 r c J . 

0.439 

1 8 763  3 3 . 

0 . 537 

2876uC3 . 

0. 65  4 

3 85  60  0':  . 

0.79? 

4 8 5 F 0 C 3 . 

0 . 964 

5R523rC . 

1.275 

6852c:''  . 

1 . 294 

690  2CC3 . 

0.  459 

1 8 760C  : . 

0 . 567 

28  76:c  3 . 

0 . 615 

5 8560  03  . 

0.721 

48563C3.__ 

0.843 

585?Pr  3 . 

1.033 

685210:. 

1.038 

6»C  ?: 33 . 

SPFCIMEN  H-4-1 

SPFSIHFN  TYa'^^rf,  m; 
0.514  23410C30. 

0. 619 

?4?90:03 . 

0.733 

2*^290033  . 

0 . 955 

?6?9o:o: . 

1. 556 

? 7 ? 3 C : 0 0 . 

0.510 

? 34  1 000  3 . 

0 . 535 

?4?9CPC3. 

0.581 

2 5 2 3 0 0 3 3 . 

0 . 65  3 

>6?903P3. 

0.792 

?7  2 30003  . 

■T.Ti7r^cF“ 
C . 1 S41E- 06 
C . 1S64E- 06 

■^vr^n^r-yiT 

C . P060F - C6 

C.ll<^6--C6 
G. 1 17lP- C6 

■“:.1713F-E6 
C. 31C9F- C6 
C. 3A30E- Co 

~C^1F  9 0T-  06 

C.48‘»8r.-C7 

P.  1061*^-  P6 
"T.“1?3FE>C6 
G.  l''97E-  Pb 
:.  1C70E- Ob 


_.j:j^0  3 

0. I 354E-06 
0.  ISS3E-3  6 

E-Ob  _ 
0.573bE-0b 
.E^OO 
. E ♦^O 

0.1J88E-06 
0.  I e84F-0b 
0 . l55?E-0b 
0.  ?42  3F-0b 
0. 314  3F-C6 
. E^O  0 

._E_»  0_G 

0 . 7924E-3  7 
0 . 777  -^E-O  7 
0.  I IJ*  I E-Ob 
0. l5S0F-0b 
0. l858E-0b 
.E03 


F O 0 

0. l3b8E-0b 
0. lSS3E-0b 
_0_.20C3‘--_06 
0.S743E-0b 

. F*  ca 

.E»00 

0. 13  ROE- Ob 
0. 1>8?E-Pb 
0. 1553E-06 
0. 2420E-Cb 
3. 37R6E-Cb 
. Ft  00 

.^t3  3 

0. 78b4E-07 
0. 7720E-C7 
_ 0.  Il4^-Pb 
0.  1359E-Cb 
0. 1 1 39E-0b 
.EtOO 


T).fl97T-Cb 
O.ll'^bE-  C6 
C.???bF-Cb 
■C.S3«8T-0b 


0 .? 8*6 4 £-  07' 
0.46106-07 
0.72?0*‘-C7 
rVi 478E- Gb 


_.EtOO 
0. llb4E-0b 
0. lb80E-0b 
0. 4?43E-0b 
.EtOC 
_.Et0^ 

0. 37R3E-07 
0. 5RISE-37 
0.  108‘'F-Cb 
.EtOO 


S3.?0  ThIC<NESS= 
030  STRESS  R4TIO= 

_._Ft_0_0 

0. 1 1 b8E-Cb 

0. 1S80F-06 

0. 437?E-0b 

. EtOO 

. E 0 

0. 3d81F-07 

3. S915E-07 

0.  11 12E-0b 

. F too 


3.837 
4.119 
4.381 
4 • 64  b 
4. 910 
^;i?7 

5.  744 
7.930 

10.115 

3.272 
' 3.45  8”' 
3.644 
3.853 
4.032 
4.297 
4.531 
4TI?3 
5.114 
5.661 
6.209 
6.244 

6.  283 

3.348 

■“1.5^1  “ 

3.  754 
3.840 

3.  925 
4.109 
4.293 
4.1.99" 

4.  706 
5.027 

5.  348 
5.358 
5.367 


0.500  WIDTHS 
30 

3.881 
IT.  08  8 
4.296 
4.510 
4.  72  4 
5.135 
5.54  6 

6.T74 

6.002 

3.  864 

' ^.91^ 

3.  966 
4.057 
4.148 
4.287 
4.426 

~ -4.686 
4.945 


3.4  71 

3.707 

3.943 

4.181 

4.419 

4.791." 

5.170 

7.137 

9.104 

2.945 
"3. 11? 
3.280 
3.468 
3.656 
3.867 
4.0  78 
4.341 
4.60  3 
5.095 
5.588 
5.620 
5.652 

3.013 

3.3  79 
3.456 
3.532 
3.698 
3.664 
■ 4.050 
4.235 
4.524 
4.814 
4.822 
4.830 


6.000 

3.493 
“ 7.6TTJ 
3.866 
4.059 
4.  252 
4.622 
4.991 
6.0  96 
7.202 

3.478 

r.524 

3.569 

3.651 

3.733 

3.859 

3.984 

4.T17 

4.451 
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TABLE  C-9.  (CONTINUED) 


BASIC  OATi  OA/ON  CALCULATIONS 


~ A 
IN. 


N 

CYCLFS 

> f ♦♦♦♦♦♦ 4 


SIMPLC 
SLOPF ( A» 


SIMPLF 
SLOPE (P» 


THPEF  PT. 
DIV.OIFF. 


► ♦ ♦♦♦  ♦♦♦♦♦ ♦♦♦♦♦♦♦ 

DAMAGE  PARAMETEP 
<MAX  DELTA  K 


►♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 


0.S53  .E^OO  .F»00  4.  039  3.635 


0.611 

0.724 

0. 959 

7479  rc  03 . 

79290033. 

?5?90:33. 

“ O'.  6 5r6T^7"  “ 

0.1136E-05 

0.2342F-C6 

0. 9090E-07 

0. 1739E-06 

. EOO 

• 0. B750F-07 

0. 1739E-06 

.E»Q0 

4.151 

4.263 

4.479 

4.694 

5.126 

5.558 

3.  73b 

3.837 

4.031 

4.224 

4.613 

5.C02 

SPFCI^‘'N 

Sf’E  CI'^EN 

NO.r  AL-‘=A-1 

Tvr-rc^. 

-.1  v^.lO 

CTc:^s  js 

f,r.THr  A,  3, 

LOAr=  5.5r'' 

PC  thickness- 
sTPEsr  10  =_  0,. i_: c 

:5:c  WIOTHr 

4.  ore 

U.  341 

ro^o.:. 

.EH' 

.FHC 

5.797 

5.217 

0.  35^' 

to  .0:. 

: .Pi‘'G --Gt 

c.055:E-r6 

0.8550F-C6 

5.  839 

5.  SS** 

*5.255 

5.292 

0.355 

7:c:c . 

: . 79: c£-  :6 

C.6  37  pE-w6 

lLfcl'^5E_-06 

5.91b 

5.  9*^2 

5.3  2 4 
5.357 

0.’6’ 

« t " . 

l.45CwE*C6 

w.  7425*^-06 

C."425w-':6 

f . 977 

5.  995 

5.376 

5.395 

0.  373 

9CCo:. 

: . i"'‘‘^i-05 

C.5l7'^£-0  b 

Q.EITSE-Gb 

6.  04C 

6.  C 8*. 

5.436 

5.476 

0.373 

1 C G : 0 C . 

c-C** 

o.-^?5;e-g7 



6.C86" 

6.  C 87 

* 5.477 
5.475 

C.  375 

llw- "w. 

' . re 

.‘♦17  vE-u  6 

C.  4175E-'*6 

6.  0 92“ 
6.C97 

5.483 
5.46  9 

0.  382 

icO:":. 

. ?7-c^  - Cb 

0.1l4w£-C5 

0_i1J>0H-l0  5 

6.  129 

6.161 

5.516 

5.545 

0.397 

1 ’8  - jC  . 

C.867  FE-Ce 

:.  5625FHb 

6.229" 

6.  ?9S 

5.6C  6 
5.6b  9 

8.  799 

1 - c " : 8 . 

t . 427-^t-rf 

L. 4275E-Ct 

b.  3 l5 

6.  312 

5.674 

5.681 

1 *■  c r c • 

: .69- J"-Ct 

__  0. 6 5 75^-^6 

b.  34? 

6.  77? 

5.70  8 

5.735 

C.412 

inCc . 

':  .t?*'.'-- :6 



0. 144CE-:5 

F.3  99 

b.  42f 

5.75  9 
5.784 

“.  4-»5 

f'c*  j". 

? .??53*'-  :5 

C .1*4/ £-w5 

V. 1 547^-^5 

F,  523 

62( 

5.871 
d.95  8 

0.  449 

150  3., 

" .1  -*4^  5 

C .121  3t-L‘^ 

]. l?13E-:5 

6.681 

0.742 

6.013 

6.06  9 

0.  459 

1 9 c ' " : . 

^ .p-*^  ^ C6 

C .79'Fc-'‘6 

0.^975^-06 

6.  7PL 

F.  826 

6.ir6 

b.l43 

0.465 

7 ' 0 : : c . 

. .<^1C  ^ -06 

^ .77'’F^-J6 

0 . 777ct-C6 

0.  851 

6.  877 

6.1  66 
6.199 

".475 

2 i : c : . 

^ , c.  u : 6 

C.l  34  *’--05 

3.1342^-^5 

6.  917 

6.  9^7 

6.225 

6.2bl 

C.h92 

.FH  " 

. ♦OC 

7.n29 

7.  Ic2 

0.327 

6.392 

0*  344 

50"0C. 

.EHC 

.£♦00 

5.  827 

5.244 

0.349 

6 C 0 8 * 

: .42f:c-:6 

C.54b  :£-oc 

0.5450£-06 

5. 84C 

5.86*^ 

5.2  61 
5.279 

c.  355 

7 n ^ ^ ^ 

8.  53 ->16 

C .5475£-CE 

n, F475E-:6 

5.  805 
*=.925 

5.3  C6 
5.333 

0.  36j 

5 j : : 0 . 

G .W.3-CF-C6 

c.9e’‘^F-ce 

9. 9825E-06 

5.945 

5.  964 

5.350 

5.368 

9or3C. 

'*  . 15  3p£-  w5 

Z*L'*i'‘A"0_p. 

^3.  "318E-Xfe 

6.:  ^2 

6.  101 

5.42  9 
5.451 

0.376 

k:l.  • 

" - "6” 

r ^7 : 

Z. ^7^CE-C6 

6.  1 C7 

6.  113 

5.496 

5.502 

0.392 

1 1 ? : 1 : . 

“3.16Trc-C5 

0.102*^-05 

W. 1 u28c-"5 

6.183 

6.254 

5.5b5 

5.629 

397 

i-’o . 

' .4‘-.v.5-  '6 

".503 :c-:6 

0. 59"C0-06 

6.274 

6.  293 

5.546 
5.66  4 

_0»_41.4__ 

!*»-'•%  . 

C , 7 . 0 : 6 

C.lil.^_t-.w5 

C.  1215F-L5 

6.325 

6.  357 

5.693 

5.721 

0.  421 

14  3^:''. 

9.17  :jc-^5 

0,18" 

:.l05^E-05 

6.4  3C 

6.  5C4 

5.787 

5.853 

i5f  “3.:. 

‘ . 4Fv  w i-  . 6 

G.6  62  5t-0F 

E . F24 

6*544 

5.871 

5.889 

0.434 

y • 

8 . 54^  c ' - 56 

C .940  .F-O  6 

;.  94?n:;-C6 

6.  5 8l 

6.617 

5.92? 

5.956 

C.l-^CL-Jb  6*661  5.995 
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TABLE  C-9.  (CONTINUED) 


_ e A SI  C __^  A T A HA/ON  C A LCUL  A_T  TO  NS DA  H A f,  £ PAPAH£TtR 


A “ 

IN, 

N 

cvc.rs 

c iMD^r 

SLQPPCAI 

'■imdlf 

SLOP*"  (P» 

THCEF  PT, 

01 V.niFF, 

KMA  X 

DELTA  < 

444  44444444444  ♦♦♦  ♦4444 

a.<*c5  i7":ju. 

444«. 4444444444^ 

► 44444  44444444444444444444444 

444444444444 

6,  70*. 

4444444444444 

6 . C 3 .4 

_Jli  <*56 

1 sc : j: , 

' . 5 

laea^L-c^ 

:. 1??3l-C5 

6.7  5*. 

6.079 
6,12  3 

_iLi_^13_ 

1 9 u " ^ . 

. ,l<;r*^:-‘!*5 

r.9t-5.£-Ce 

L. 9h5u--:^ 

6.  S57 

6, 91C 

6.17  1 
6.219 

• . 1 

6. 9 37 

6.243 

0.  47p 

?-w.  r. 

w.ll3Hr-"5 

0. 1 1 

* . 9 1 7 

6,267 

0. 

’ 1 C . K . 

* . . c-  '.5 

u.i«‘^t=:-c5 

0.1C55L-05 

7.  : ’? 

7,  1 Cl 

6.329 

6.391 

7,  12c 

6.4C  0 

. £ ♦** 

• LOG 

7.1  79 

6.426 

0.  3U7 

5 c : J 0 . 

.t^OC 

. t ♦OC 

5.051 

5 .2d6 

0.354 

^ ^ 0 w . 

: . r ’ 3 1 - ' e 

C .633 "C -36 

0.  e3L0*^-"6 

‘=.684 

5,917 

5.296 
5.32  6 

_1*3  6C 

...1-^ ''-  • 

: .5?‘.C£-  ce 

3.75?5l-C6 

5.91.1 
‘ . 964 

5.3..7 

5,360 

J.  37" 

'»w : 1" . 

.-  . 9‘'C:  5-  C6 

L. S75"E-C  L 

0, P750t-C6 

6.  3C6 

6.  :52 

5.*.:  7 
5.4U7 

_0*:377 

9 G " J : . 

0 ,7-.  J L- 

C.61£5^-: f 

tl?5(L-C6 

0 St 

6.  12C 

5.147  0 
5.*^  3 9 

3 ,^55"£*  CL 

6.  14C 

5.526 

J.  3^^? 

... 

c.iratt'^-jb 

3. 10G7L-C5 

6.  161 

5,544 

c .ic“.  :t-c5 

6.  271 

5.608 

1,  39'* 

1 1 C ^ . 

L.9  65"t:-j6 

3, oeSCc-Cb 

f . 3C1 

5.67  1 

3.  401 

c . ’ * : c : 6 

C , i.  ^ 

0.  ‘.u"3r-L6 

6.315 

6.  33C 

5.684 

5.697 

0.  40’ 

I’v.  o:. 

ye 

y.  9 65  . t.  - G 6 

'!• 

6.35’ 

6,  377 

P.7  18 
5.7u  0 

n,  4?S 

1 - 3 " " w • 

" , 1 * - j c - C 5 

c.89C'c-:6 

C. f 933L-C6 

*= . 437 
f , ^06 

5.793 
P.84  7 

0 , •»  ? -» 

15:1^:. 

. - ' - . c.  - " fe 

C .y9  c ^-  3 6 

:.  7 930L-'‘6 

6.  ‘^1*- 
6.531 

P.962 

5.678 

: . 1 1 " 5 

6.  5 “1 

5.923 

•'.  4'»6 

1 ':  u : . 

C,  Sf’'^d-uL 

- 

6 , 632 

5.969 

J,  44  1 

1 ’C."- . 

- CL-  :e 

c .ii’:"^:5 

3. 1 i^jt.-r5 

' " 6. 654 

6. 67f 

■ ■ 5.989 

6.0C  9 

0.  46o 

ISw.O', 

5 

r.iE’^'-cs 

:.l275£-05 

6.^53 

6,  63C 

6.C  78 
6.1  hZ 

0.  4f,7 

1 9 : " : ■ . 

■ . ’ :b 

'.  't-C  ^ 

C,c**^Jw-*6 

1.  0 61 

6.  99C 

6.175 
6.2  : 3 

Z,u7? 

3:  Oil . 

" Cfc 

c.*97=t.-:b 

w , .SQ7';- -w6 

6 . 9 1 G 

6.  9’® 

6.2  2*4 

6.  ?4  4 

■3. 4*^'^ 

r i c - : : . 

J-:-  :5 

c. ii3?l-: ‘ 

0. 1 1’?l-G3 

6. 991 

7,  Qh3 

6.291 
6.3  ’9 

.L  ' 

.t  ♦QG 

7.  w ««: 

7.  1?6 

6.’ 77 
6.415 

SPECIMEN 

NO,=  AL 

-59-1-.1  cj 

'^rNr,TH=  6 3. 

’C 

THICKNESS^  3.5C0  WIOTH= 

4.  OCO 

SPE  CIME  N 

Tr 

, 'lAvi'ir^  ST-'"SS 

"IP  LCAr=  7,5C0 

S 

’RESb  PATIO=  G.IOC 

0.499 

225G 

J r . 

.E^O" 

,^♦"0  9. 7-^0 

8.793 

- .?4r ii-u5 

9.  0 4C 

9.956 

._Pl  51^ 

23C: 

O.A'J3^‘_-C  5_ 

C.’0’Ol-05  9.  91C 

0.919 

" .’tw-*"-  "5 

ir.ci2 

9.01  1 

0.533 

2:5, 

u r . 

r.49?t:F-G5 

3.4.525F--5  I**. 114 

9.102 

C ,54f Ol- 35 

10.267 

9.241 

_3AAyz_ 

14  C , 

3". 

0,493GE-C5 

*^35i.-GP_ K.  ^pi  

9.379 

^ ,4h?jC-C5 

1C  . 5 45 

9.491 

_3,579 

2 45" 

G 3 , 

:,45504-C5  ir,67c 

9.60  3 

" .*.603E  - C5 

10. 902 

9.72  1 

_C.b02 

25  0 - 

- C . 

_.C.4  65  5^-:5 

C.4655l-"5  1C. 933 

9.84  J 

^.4b-»:c-05 

11. C 6 4 

9.95  0 

0.  626 

2551 

J ? • 

r ,464 

3.4b40F-C5  11.195 

10.075 

• ,46'  J*--  .5 

11.326 

1 J .1  94 

0.649 

^ _26J_: 

C J • 

C.44?  G’-r*" 

".4435f-w5  11.458 

1(3.31  2 

" . 4?2nL- ne 

11. 57»* 

10.420 

0.  6 73 

16  5" 

'>'■  . 

w_,  5f6  5‘"-L  5 
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li.C  56 
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N 

CVCLlS 


TABLE  C-9.  (CONTINUED) 

DA/ON  CALCULA^TONS  

SI^PL»^  SI  HPL*  THPLE  PT. 

SLOPE  ( A»  SLOrp  (P) 01  V.GIPF, 


_ OAMATE  PAPAMETER 
KMAX  ~ DELTA  K 


..44«44444-44444444444f-4444f-4f4444ff 

0.7^9'‘*-G5  C.765CE-C5 
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0.  875 
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0.961 

2 ? 6 . - . 
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c.ie:  .e-04 

0. 1 4 

15. 13'6 

15. 2E7 
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1 3 3_2 

lj.  979  • 

2 8 : 3 . 
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15. S'*? 

13.842 
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__2j? 

" . i'»-):c-  34 
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1*^ . 59-» 

15. 6«? 

14.0  73 
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1.  3 11 

2 9 9:"-:. 

: . 

: .214  ''£-04 

0.?14^'*-C4 

15.818 
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. 

w 4 

_0,_2  3:‘^F-3  4 

16.  124 
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14.51 2 
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_1.05l 

1.P77 
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j .3  655£-  :4 

' .2^2-'-  '4  ~ 

_ L..21T7E.-:- 
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Cf^9 151^9 

1 0 . 4 17 
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1^.775 

14.895 
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17.438 
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15.72  6 
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IG. 1 l4 

9.021 

9.0  94 
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14.h:5 

12.794 
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TABLE  C-10.  FATIGUE-CRACK-PROPAGATION  DATA  FOR  2124-T851  AT  R = 0.070 


SPECIMEN  NC.=  AL-w-l-A  YHLD  STRtNCTHs  57.00  ThICKNE5S=  ' O.SuI  WIDTHS  E.dOd 

specimen  TVFe=CC,  EAXIMLM  STPiSS  CR  LCAD=  2.390  STRESS  fiATIO*  C.070 

BASIC  DATA  OA/ON  CALCULATIONS  CAMAGF  PARAMETER 


A 

N 

SIMPLE 
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THREE  PT. 

KMAX 

delta  K 

IN. 

CYCLES 

SLOPE  (A) 

SLOPE (PI 
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44444444444444 

4444444444444444 

0.A53 
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.£♦00 

2.892 
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_ 0_.  55  b 

•♦910C  OJ  . 

.£♦10 

• £♦00 
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2.639 
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C.66e8E-07 

2.944 
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194 


REFERENCES 


(1)  Ruff,  P.  E.  , "Determination  of  Selected  MIL-HDBK-5  Design  Allowable 

Properties  for  Five  Aerospace  Materials",  AFML-TR-75-58,  Battelle's 
Columbus  Laboratories,  May,  1975. 

(2)  Item  71-22,  "Haynes  Alloy  No.  188",  Status  Report  (Handout)  presented 

at  the  44th  MIL-HDBK-5  Meeting,  October  1972. 

(3)  Deel,  0.  L. , and  Mindlin,  H. , "Engineering  Data  on  New  Aerospace  Struc- 

tural Materials",  AFML-TR-249,  Battelle's  Columbus  Laboratories, 

December  1971. 

(4)  Unpublished  data  from  J.  W.  Tackett,  Stellite  to  R.  J.  Favor,  Battelle, 

dated  March  23,  1972,  (MIL-HDBK-5  Source  M-101) . 

(5)  Rutkosky,  F.  A.,  "Evaluation  of  Candidate  Heat  Shield  Materials  for 

Shuttle  Vehicle",  Report  LR  7765-4024,  Rockwell  International  Space 
Division,  Spetember  1970.  (MIL-HDBK-5  Source  M-149) . 

(6)  Stellite  Division  Technical  Bulletin  F-30.361B,  "Haynes  Alloy  No.  188". 

(7)  Unpublished  data  from  J.  Tackett,  Stellite  Division  (MIL-HDBK-5 

Source  M-357) . 

(8)  Item  75-6,  "Elevated  Temperature  Curves  for  15-5PH  Bar",  49th  MIL-HDBK-5 

Meeting  Handout  Proposal,  April  1975. 

(9)  Deel,  0.  L. , and  Mindlin,  H. , "Engineering  Data  on  New  Aerospace  Structural 

Materials",  AFML-TR-72-196,  Volume  II,  September  1972. 

(10)  Item  75-22,  "Additional  Data  for  Custom  455  Bar",  Proposal  attached  to 
51st  Meeting  Agenda,  April  1976. 

(H)  Item  75-23,  Custom  450  Bar",  Proposal  attached  to  51st  Meeting  Agenda 
April  1976. 

(12)  "Armco  15-5PH  VAC  CE  Precipitation-Hardening  Stainless  Steel  Bar  and 

Wire",  Armco  Product  Data  Bulletin  5-21b  (no  date), 

(13)  Item  74-14,  "Guidelines  for  Presentation  of  Fatigue  Crack  Propagation 

Data",  Proposal  attached  to  52nd  MIL-HDBK-5  Meeting  Agenda,  April  1976. 

(14)  "Damage  Tolerant  Design  Handbook",  Battelle  MCIC-HB-01. 

Feddersen,  C.  E.,  and  Hyler,  W,  S, , "Fracture  and  Fatigue-Crack-Propagation 
Characteristics  of  7075-T7351  Aluminum  Alloy  Sheet  and  Plate",  Battelle 
Report  G-8902  to  NADC,  March  1970. 

(16)  Grandt,  A.  F.,  and  Gallagher,  J.  P.,  "Proposed  Fracture  Mechanics  Criteria 
to  Select  Mechanical  Fasteners  for  Long  Service  Lives",  ASTM  STP  559 
1974. 


195 


